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PREFACE 
 
It’s a stately occasion to construct an ultra-small deep space probe known as Shinen2, 
developed by Kyushu Institute of Technology KIT, in corporation with the diverse enterprises 
and institutions of engineering respecting the concept of lean satellite standard. This research 
involves by foreign students and Japanese students, permitted a multi-cultural environment and 
an excellent tools for education in deep space exploration that has one of its motivations in the 
human effort and the requests technology of deep space communications systems are gradually 
increasing. The major challenge to deep space communications systems is postured by the huge 
distances to which the space probe travel as Shinen2 probe reach the moon orbit and how to 
get the data using several interfaces as WSJT interface via amateur radio band. The small 
spacecraft abilities and supporting technologies can improve space travel reliability via better 
designs. The re-entry probe also was a perilous epoch when all telecommunications between 
the space probe and targets could not be established. Entering earth atmosphere is one of the 
most severe mission stages for a space probe. The massive quantity of enthalpy not only places 
dense thermal loads on the LATS material used as heat shield of the re-entry probe, it also 
provides growth to an electrically charged plasma that tides around it. Therefore, occurred 
because of several factors such as high heat flux, high speed and the plasma sheath forming 
during re-entry; this phenomenon is usually known as a communication blackout. Since some 
years ago, numerous techniques were in development to resolve the communication RF cut-off 
problem to during earth’s atmospheric re-entry. The recommended approaches to solve the 
causes of RF blackout can be validated. Several methods as Remote Antenna Assembly, Raman 
Scattering Process, and Injection of liquid/gas, Static Magnetic Field or using spacecraft 
transceiver with upper frequency carrier, are used to solve this occurrence.  
One of these approaches are illustrated in this section, the SMF window mitigation is used in 
this thesis to figure out the problem of communication re-entry and assessed in terms of realistic 
applications, means to complete the minimum amount of electron plasma densities with inferior 
attenuation signal dependent to the variation of magnetic field strength and collision frequency. 
To achieve the intentions of the research, the following studies have been done: 
 The distribution of active real-time data acquisition on board space probe would be 
highly advantageous for space radiation detection and to reach the communication to 
deep space. 
 Assimilation of payload as sensor RPPD explored for the Shinen2 project in KIT, 
developed by JSC/NASA - Johnson Space Centre/National Aeronautics Space 
Administration that can operate in deep space for harsh radiation environment and 
collect data for longer period based on some requirements. 
 The experiment was carried out to test a heat shield made by LATS, equipped with 
transmitter located behind it tested for numerous megawatts per square meter of heat 
flux in a plasma flow of high enthalpy. 
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 Is the first test executed to achieve the end of radio silence signal during re-entry phase 
through the LATS ablative materials developed at Okuyama laboratory. 
 A study about a new method of communication called end of radio silence using the 
arc heating facilities of Japan ISAS/JAXA and JUTEM. 
 An experimental procedure to measure the current/voltage (I-V) characteristics by 
electrostatic single Langmuir probe (SLP) using Arc jet plasma wind tunnel for space 
probe re-entry having thermal shield made by LATS. 
 The dissertation defines an approach of the transmitting signal blackout occurring in 
the wake region and how to exactly solve the communication blackout problem. 
 The core tenacity of this thesis is to simulate a new mitigation Static Magnetic Field 
technique for communication blackout through numerical simulations using OREX and 
ISAS measurements data in order to validate the possibilities of the suggested schemes. 
 The impact of the used SMF technique is established by computing the reduction in 
plasma attenuation and electron plasma density dependent to the plasma frequency, 
collision frequency and operation frequency. 
To summarise the above content, the dissertation is divided in 5 chapters, Chapter I is the 
Introduction, labelling the motivation of developing  a small deep space probe on 
communication technique and brief overview of previous probe to define the approach of 
communication blackout for Earth’s atmospheric re-entry. Chapter II presents the technology 
of deep space communication of Shinen2 probe and testing the payload for measurement of 
space radiation environment using CMOS sensor. Chapter III gathers several aspects in one 
topic called study of end of radio silence signal through thermal shield made by LATS materials 
via experimental ISAS data. Chapter IV emphases on the research of radio frequency blackout 
for spacecraft during atmospheric re-entry using ORES and ISAS measurements data. At the 
end, Chapter V achieves all conclusions from prior chapters, concludes also the outcomes of 
the studies. 
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CHAPTER I 
Introduction 
 
1.1 Deep Space Communication 
Planetary missions possess big problems and complications for getting housekeeping data 
toward the ground station. One of those mission have reverted the imageries of solar activity 
system [1.1], which is infeasible to track from the target because of the deep space matter. The 
deep space word is usually used while defining the long distances as moon orbit or more than 
300.000 km of altitude.  For example, the space probe Shinen2 which was developed by 
kyutech Institute of Japan is described in chapter 2, was launched via an H-IIA rocket in 
December 2014 together with the Hayabusa2 asteroid probe to deep space about 0.9 to 1.1 AU 
[1.2]. The main missions objective of Shinen2 are to establish a mutual communication 
technology between the earth and a space probe near the lunar orbit, establishing a 
communication above 1 million km distance as full mission by many amateur radio stations 
[1.2] and measure the cosmic radiations in deep space . During the last 18 years, deep space 
DS is divided in two series, the first sequence (DS1) is related to Millennium Program exposed 
by NASA [1.3] (flap by an asteroid and comet) and devoted to the technology demonstrator 
and it was the first mission using ion propulsion. The Fig 1.1 illustrates the Artist's version of 
DS1 oncoming a comet [1.4]. 
 
Figure 1. 1   Artist concept of DS1 [1.3] 
The second sequence is Deep Space 2 Mars Microprobe Mission (DS2) which was launched 
on piggybacked with Mars Polar Lander on 1999 and was envisioned to hit the surface of planet 
Mars [1.5]. The microprobes were installed in the Mars surveyor lander to impact the surface 
with speed 190 m/s and perforate deeply the Mars surface up to 0.6 m. The Fig 1.2 clarifies the 
Mars Polar Lander and Mars Microprobe cruise configuration of DS2 NASA Millennium 
Program. 
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Figure 1. 2   Mars surveyor lander with two microprobes [1.5] 
To grasp successful space mission like Shinen2 probe for establishing a communication 
technology above 3 million km distance from Earth. So the prosperous mission is extremely 
dependant on consistent communication interface used to receive the weak signal with space 
probe (WSJT system was performed to Shinen2), to send telemetry data, detect the position or 
receive HK data and scientific data. This requirement on consistent communication system 
united with the distinctive contests of space communication. The challenges of deep space 
communications systems are clarified as follow: 
 Enormous distances (occur a weak signal)  
 High latency 
 Space probe technology limitations 
 Targets challenges 
1.2 Deep Space Network 
1.2.1 Existing Space Networks in the World 
The Fig 1.3 displays the Deep Space Network (DSN), the DSN is universal network for space 
probe communications and is a part of Jet Propulsion Laboratory (JPL) at California [1.6]. The 
DSN is large antenna more than 70 m was built to receive more housekeeping data from any 
space probe, and to execute RF weak signal and the examination of solar system by using radar 
observations system. The key of using this big dish antenna is for the flight projects, space 
probe atmospheric re-entry and experiment investigations. When the signal is very weak during 
the communication, the main solution is to track that signal by one of these ground stations 
illustrated in the below figures. In case of Shinen2, after launching, the probe reached altitude 
more than 3 million kilometres and it was very difficult to receive the signal. The proposed key 
was to use the big Telescope of National Radio Astronomy Observatory in the west of Virginia 
(Green Bank) [1.7]. The Fig 1.4 took it by this telescope illustrating the receiving data of 
shinen2 via amateur radio band (centre frequency 437.47 MHz) after one year of launch.   
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Figure 1. 3   The existed deep space networks in the world [1.7] 
 
 
Figure 1. 4   Received Shinen2 data on Dec 2015 by Green Bank Telescope 
1.2.2 Frequency Allocations Bands for Deep Space Communication 
For future progress of space probes that will launched to deep space or re-enter to the 
interplanetary of Mars atmosphere to resolve the tricky of communication, weak signal, RF 
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blackout (defined in chapter 4), it is preferable to use relay satellite and to delivers basic 
information about the frequency allocations that are available in the Deep Space Network 
(DSN). 
The deep space communication database has settled different network ideas to offer for 
methodical selection and assignment of frequencies and bandwidth for deep-space missions 
[1.8]. The bandwidth of DSN is divided in two bands. The first band is related to deep space 
bands (more than 2 million kilometres from the earth) that required several frequency 
allocations as S-band, X-band and Ka-band. The second allocation band is called near space 
bands which prerequisite same frequency bands with different central frequency like S-band 
(2.25 GHz), X-band (8.6 GHz) and K-band (25.6 GHz). These frequency bands have been 
assigned by the ITU International Telecommunication Union to the space research service. 
The main elements of deep space communication are clarified as follow: 
 Radio Silence Science 
- Atmospheric dynamics 
- Atmospheric density 
- Gravity field mapping 
 Command function 
- Uplink the commands to the space probe 
 Telemetry 
- Transmit the data and check the state of space probe (failure or hang up) 
 Tracking 
- Navigation and control (estimate the trajectory of the space probes) 
 
This dissertation defines an approach how to build the ultra-small deep space probe as Shinen2 
describing the payload for measuring the cosmic radiations in deep space using amateur radio 
bands (VHF/UHF bands). The other approach is a study of end of radio silence in arc jet plasma 
wind tunnel of ISAS/JAXA and several numerical simulations of communication blackout 
during re-entry are done. So it is very important to have idea about boundary condition of space 
probe re-entry phase (heat flux, speed, temperature and impact pressure when the plasma sheath 
ensued) 
1.3 Atmospheric Re-entry on Communications 
Once a space probe such as Orbital Re-entry Experiments vehicle or the space shuttle leaves 
orbit and re-enters to the atmosphere [1.9], it typically travels to a landing site. At that time the 
plasma sheath ensued in the surface of probe caused the interruption of transmission signal, 
known as RF blackout. The below section described well and in details of RF cut-off. 
1.3.1 Occurred Communication Blackout Re-entry 
Radio Cut-Off is precipitated when signal transmission waves used for communication, 
housekeeping HK data (telemetry), voice communication, GNSS navigation and broadcasting 
are dissipated or reflected by the high value of the electrons plasma density accumulated in 
plasma sheath surrounding the space probe during earth atmospheric re-entry. Numerous 
spacecraft’s or space vehicles as Orbital Re-entry Experiments Vehicle (OREX) space probe, 
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was launched in February 1994 using an H-II rocket that lifted off from the Tanegashima Space 
Centre in Japan [1.9], and later re-entered the Earth’s atmosphere. Re-entry is a critical epoch 
when all communications between the space probe and ground stations could not be established 
[1.9]. This occurred because of several factors such as high heat flux, high speed, and high in-
depth temperature and the plasma sheath forming during re-entry; this phenomenon is usually 
known as a communication blackout or RF Blackout [1.9]. 
The re-entry blackout bricks the transmission data for a few minutes, as Apollo Re-entry 
Trajectory ART: about 4 minutes radio blackout, Soyuz TMA (Transport Modified 
Anthropometric): 10 minutes of radio blackout and RAM-C about 0.5 minute. It’s refers to a 
communication interruption also for a few seconds like Mars Pathfinder probe: about 30 
seconds. The specifics of this section is described in chapter 4. 
1.4 Thesis Structure 
1.4.1 Contests of the Dissertation 
This section describes the four challenges of the dissertation. The thesis is divided in several 
segments, each segment is illustrated in the block of the Fig 1.5. 
 
Figure 1. 5   Thesis contests 
1.4.2 Dissertation Overview 
In this dissertation, several concepts for deep space communication, radiation environment 
using RPPD for Shinen2 probe and atmospheric re-entry on communication (RF blackout 
phenomena) are presented and assessed as possible outlines. The path diagram of the thesis is 
abridged in Fig 1.6.  
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Figure 1. 6   A graphic map of the dissertation 
The thesis is divided in 5 chapters. Chapter I is the Introduction, describing the motivation of 
developing an ultra-small deep space probe (Shinen2 case of study) using the concept of lean 
satellite missions (low cost, fast delivery, risk acceptance, safety…) managed by institutions in 
collaboration with different companies, the severe environment of deep space communication 
technology and communication blackout for Earth’s atmospheric re-entry are presented, the 
contests in studying of harsh space environment on communications for radio frequency 
blackout of small deep space probe system, and also the objectives and the organization of the 
thesis. 
Chapter I 
INTRODUCTION 
Chapter II 
TECHNOLOGY OF DEEP SPACE 
 COMMUNICATION - SHINEN2 PAYLOAD 
Chapter III 
STUDY OF END RADIO SIGNAL 
THROUGH THE THERMAL SHIELD MADE 
BY LATS MATERIALS 
Chapter IV 
STUDY OF COMMUNICATION 
BLACKOUT FOR SPACE PROBE 
REENTRY  
 
Chapter V 
CONCLUSION 
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Chapter II presents a grand opportunity to build small deep space probe called Shinen2 [1.2], 
developed by Kyushu Institute of Technology, in corporation with Kagoshima University 
(Japan), Johnson Space Centre (Houston), was launched by the rocket H-IIA with Hayabusa 2, 
on December 3, 2014. The main approach to carry out the main missions of Shinen2. In parallel, 
to develop each subsystem of Shinen2: system bus architecture including the Communication 
Control Unit CCU, Power Control Unit PCU specifications, and new Radiation Particle Pixel 
Detector RPPD for deep space radiation exploration [1.2]. Several orbital housekeeping data 
at 2.3 million km for approximately six days after launch were analysed to plot the cosmic 
radiation hits and intensity of the RPPD. This chapter describes a control system design 
(technology of deep space communication) for a small space probe which was developed to 
implement different missions and to satisfy the various requirements [1.2].    
Chapter III is defined in several aspects, the first one is the validation of the ablative materials 
called LATS (Light-weight Ablator Series for Transport Vehicle Systems) made by Carbon 
Fibre Reinforced Plastic (CFRP), this material are regularly used as thermal protection to 
protect the probe against the harsh heating from the high in-depth temperature to achieve the 
range operation temperature. The second aspect is using a method for first time related to the 
end of radio signal blackout re-entry to use a transceiver with allocation frequency 2.4GHz 
located behind the thermal shield which faces a plasma flow heated for 2MW of heat flux using 
wind tunnel plasma of Institute of Space and Aeronautical Sciences, Japan aerospace 
Exploration Agency (ISAS/JAXA) facilities. The main results is to receive the radio signals 
during the transmission, to achieve the received signal strength indication (RSSI), current noise 
and quality of signal during the heating test using ISAS data. The latest aspect is to measure 
the Current-Voltage IV characteristics during the heating tests by varying time for several runs 
and by sweeping the bias voltage (100V and 300V) via electrostatic single Langmuir probe 
designed at LASEINE Centre and to measure electron temperature and electron plasma density.  
Chapter IV focuses on the study of radio frequency blackout for space probe during 
atmospheric re-entry phase [1.9]. This section concludes causes of the transmission blackout 
and the suggest Static Magnetic Field method used for solving the communication problem of 
Earth’s atmospheric re-entry probe. Numerical simulations and analysis were conducted to 
prove the cause of the RF blackout and how to integrate the magnetic field mitigation approach 
with electromagnetic wave surrounding the plasma sheath [1.9]. Various measured data 
(OREX/ISAS data) and theoretical were compared for calculation of collision frequency in 
function of pressure and surface temperature, plasma frequency, Attenuation and phase shift 
dependent to the operating frequency and strength of magnet field. The SMF technique was 
developed in this work to reduce the electrons plasma densities by varying the magnet field 
strength for different frequencies carriers. When the permanent magnet installed in the space 
probe, a windows was created to be easy for RF signal to across the plasma sheath 
(communication established) [1.9]. The goal is to present the results of reduction of attenuation 
of the electromagnetic wave and defines the minimum threshold magnetic field intensity in the 
communication region problem of RF blackout and implement new techniques to reduce the 
plasma frequency [1.9].  
Chapter V summarizes all conclusions from prior chapters, concludes also the outcomes of the 
studies and defines a technology of deep space communication system for a future ultra-small 
spacecraft mission, led by universities. Moreover, this chapter describes a clear statement 
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defined in this dissertation that is unique and new, demonstrating the charities made to the 
blackout moderation research method and designates the recommendations for future studies.  
The chapter ends with proposals for prospect regions of research in the meadow of 
electromagnetic technique to solve deeply the reduction of plasma and to search for solutions 
to the end of radio signal silence when the communication with space probe is established. 
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CHAPTER II 
Technology of Deep Space Communication Shinen2 – 
Payload 
 
This chapter presents a deep space communications system, is defined for the broadcast of data 
among a space probe and the target [2.1] by indicated interface via amateur radio band. A 
typical deep space communications system is clarified to perform several basic tasks as 
telemetry, command, and tracking. The technology of deep space radiation environment is a 
major risk for interplanetary human space journey. The human exploration missions will rely 
on some measurements to distinguish how much radiation expected in orbit, and how best to 
shield beside this radiation [2.2]. The Shinen2 payload was developed in KIT to measure the 
cosmic radiations via RPPD, designed by NASA (JSC), these radiations emanates from cosmic 
rays, from the solar wind and from solar energetic particles derived during a solar storm. 
2.1 Shinen2 Probe 
2.1.1 The Motivation for Ultra-Light Deep Space Missions 
In few previous years, larger number of satellites were launched to the deep space as Hayabusa2 
[2.11], Despatch and Procyon [2.3] illustrated in Fig 2.1, many universities and institutions 
around the world have now the capability to build small satellites and spacecraft’s with 
different missions for the purpose of the space education and technology demonstration [2.11]. 
 
Figure 2. 1   Asteroid probes in H-IIA rocket 
Shinen2 is the first ultra-small deep space probe, is showed in Fig 2.2, and was developed by 
Kyushu Institute of Technology in partnership with Kagoshima University and Prairie View 
A&M University [2.11]. The Space probe was launched by an H-IIA rocket in Tanegashima 
Space Centre, on December 3rd, 2014, together with the asteroid probes listed before. Shinen2 
has three main objectives as a space mission: the first mission of Shinen2 is to establish a 
mutual communication technology between the earth and a space probe near the lunar orbit 
and establishing a communication above 1 million km distance as full mission by many 
amateur radio stations [2.11], the second is the demonstration in deep space of a structure made 
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of Carbon Fibre Reinforced Thermoplastic CFRTP material [2.11]. The last mission, as 
payload for measuring radiation intensity using particle pixel detector to evaluate the 
distribution of the cosmic radiation when the probe traversed the Van Allen Belt radiation [2.4]. 
 
Figure 2. 2   Flight Model of Shinen2 
The operations success of Shinen2 can be distinct on different missions: 
1) Lowest Success 
 Establishing a communication technology near Moon orbit about 300000 km ; 
 Demonstration in deep space of the ultra-lightweight satellite structure made of PEEK 
and Epoxy CFRP materials; 
 Measurement of the spatial distribution of cosmic radiation through the Van Allen belts. 
2) Complete Success 
 Establishing a communication technology above 1 million km distance from Earth ; 
 Measurement of the spatial distribution of the cosmic radiation above 1 million km 
distance from Earth. 
  3) Extra Success 
 Establishing a communication technology above 1.86 million miles from Earth; 
 Measurement of the spatial distribution of the cosmic radiation almost 1.87 million 
miles from Earth. 
Apropos the communication via ham radio in deep space, the long-distance communication 
between Shinen2 and the target was accomplished by the interface WSJT (Weak Signal Joe 
Taylor). The International Telecommunications Union ITU, which selects away different  
allocations bands for deep space and near Earth use, defines "deep space" to jump at a distance 
of 1.24 million miles from the Earth's surface and Shinen2 could reached a communication 
distance of 2,250,000 km [2.5]. 
To recognize the position of Shinen2 probe in variation of time and space is very vital for the 
thermal design and for the deep communication system especially for received power. The 
trajectory scheme is one of the furthermost important routes in the early mission design. The 
Shinen2 orbit trajectory defined in below text. 
 12 
 
2.1.2 Shinen2 Orbit Definition 
Shinen2 probe doesn’t have a propulsion system, its trajectory is determined only by the 
impulse given by the rocket at the separation phase [2.11]. The space probe doesn’t have also 
an attitude determinate control system could be installed, can flies between periapsis 0.9AU to 
apoapsis 1.1AU [2.11]. However, must know the input parameters for Shinen2’s orbit 
determination were given by JAXA [2.6], prior to launch day for estimating the trajectory of 
the space probe with earth orbit. The input data are described in Table 2.1. 
 
Table 2. 1   Input parameters for orbit of Shinen2 
Parameters Values Unit 
Time of separation (after launch) 6835 seconds 
Distance from the center of Earth 9244.915 km 
Latitude 
Longitude 
Inertial velocity 
Inertial velocity elevation angle 
Inertial velocity azimuth angle 
Japan time of launching  
0.034 
189.94 
10357.221 
34.644 
119.877 
13:22:48 
degrees North  
degrees East 
m/s  
degrees 
degrees 
3-Dec-2014 
 
The Fig 2.3 and Fig2.4 illustrate 2 dimensional view of the distance between Shinen2 and 
Earth’s orbit after launch around the sun can be seen by using orbit method prediction simulated 
by Matlab and GMAT software [2.6-11] 
 
Figure 2. 3   Comparison distance between Shinen2 and Earth using GMAT, Matlab [2.6] 
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Figure 2. 4   Shinen2 and Earth’s orbit 
2.1.3 Shinen2 Structure   
A space probes structure is its fundamental frame, tasked with keeping the spacecraft suitably 
rigid and ultralight to support its instruments and subsystems. Shinen2 space probe designed 
as quasi-spherical shape to allow more uniform heat transfer compared with a cubic shape 
structure [2.11], the mass budget is 7.8 kg satellite with dimension 490×490×475 mm [2.11]. 
The first space probe in the kyutech to implement a Carbon Fibre Reinforced Thermo-Plastics 
(CFRTP) structure [2.7]. This material is widely used in the aerospace industry because of 
CFRTP`s wide range of specification strengths; high durability, welding possible, reduction of 
machining time [2.11]. The internal structure made by Aluminium alloy Al6061-T6 and the 
external structure made of PEEK/CFRP of Shinen2 [2.8]. The PEEK/CFRP external structure 
manufacturing method is exposed in Fig 2.5. 
 
Figure 2. 5   Shinen2 structure manufacturing process 
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 The process of manufacturing the STM model is defined in several step as shown in below 
figure: 
1. Molding the Jig made by aluminium 
2. Lamination of the carbon fibre and resin 
3. Molding all structure (CFRP, resin, Jig-Al) 
4. CFRTP structure after molding.  
2.1.3.1 Shinen2 External and Internal Structure   
The supreme delicate devices are batteries, PCB boards, transceiver and the payload RPPD, 
those are assembled and shown in Fig 2.6. The bottom panel connects to the satellite frame and 
Payload Adaptor Fitting (PAF).  
 
Figure 2. 6   Internal structure of Shinen2 
The power generated inside Shinen2 vary from 10 W to 15 W.  Likewise, another important 
aspect is that the silicon solar cells are mounted, they are placed on CFRP panels, being 
attached on all lateral sides of the satellite and on the top panel. The CFRP structure is 
illustrated in the Fig 2.7.  
 
Figure 2. 7   External structure of Shinen2 made by CFRP 
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2.2 Control System Design of Shinen2 
The functional block diagram of Shinen2 mentioned in Fig 2.8 describes the function of each 
lines (A, B, C) how are connected [2.11], more important the link approach control line 
between each line in red colour, the black line shows the control power between the three power 
control unit PCU’s of each line including UHF/VHF transmitter TX and receiver RX for 
tracking the information [2.9]. The SCU is the main board mentioned in Fig 2.9 [2.10], it checks 
the active confirmation of all the Shinen2 units and Housekeeping data HK, describes some 
parameters such as battery temperature [2.11], flow currents and voltage on PCU. Moreover, 
SCU collects radiation sensor data from space. The function of communication control unit 
CCU transmits HK data and radiation data from the SCU. The CCU modulates the SCU data 
sent for transmitting to the ground station. The B-line for beacon signal (Continuous wave) 
was used as a battery for the C-line, but the other B-line system was independent. The A-line 
was independent from the other line systems. The Shinen2 has five antennas, two mono-pole 
antennas for down-link and a patch antenna was used for the B-line of the beacon signal [2.11]. 
 
Figure 2. 8   Control block diagram of Shinen2 
 
Figure 2. 9   SCU FM electric board  
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The Shinen2 SCU is the core board that control all lines by using PIC controller 16F877A, 
designed for communication to deep space [2.11], to measure the cosmic radiation using sensor 
detector and control power distribution. The SCU have different goals as controlling the PCU, 
gathering the HK data (electric parameters, temperature, and radiation intensity) using amateur 
radio band. The Fig 2.10 defines command generator using the PIC16F877A programmer with 
different input and output pins [2.11], each pin have function, for the input pins, RC 7 to 
transmit the data using UART interface, RC5 to receive data and VDD pin for generating power. 
The VCO is added as an electronic control oscillator as output block integrated in the scheme 
that contains some electric components (resistances, capacitor…) to control the power 
distribution, current and generate the analogue signal, whose oscillation frequency is controlled 
by a voltage input. The applied input voltage determines the instantaneous oscillation 
frequency [2.11-12]. 
 
Figure 2. 10   Command generator and VCO of Shinen2 
The Fig 2.11 shows the concept of transmitting the commands after selecting the transmitter 
UHF band (437MHz). In the PIC programmer, we will create our frame data contain different 
bytes, coding part added in the block to correct Bit Error Rate BER, by applying oscillator 
control to generate the voltage and convert the digital bits (20 samples per second) to wave 
signal as audio [2.11]. At the end, we should sent wave signal with frequency (437 MHz) to 
ground station using software Signal Defined Radio HDSDR [2.12]. 
 
Figure 2. 11   Configuration of commands transmission 
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2.2.1 Shinen2 System Control Unit SCU 
The space probe Shinen2 Control Unit was designed for deep space communication, radiation 
cosmic measurement in deep space and adjusting the Power Control Unit (PCU). Below is the 
main action of the SCU [2.10]. In addition, the HK data is data which helped the SCU perform 
normally, such as current, voltage and thermal [2.10-11] 
 Controlling the PCU 
 Observation of the PCU for precise actions 
 Sending the telemetry data when starting the PCU 
 Gathering HK data 
 Gathering radiation data from CMOS sensor 
 Sending HK data and radiation sensor data to the Communication Control Unit (CCU) 
In addition [2.10], the SCU was divided in two units; first one called GSCU, the other known 
as Slave SCU as noted in the Fig 2.12 of the FM SCU 
 
 
Figure 2. 12   Shinen2 FM SCU control system block 
The GSCU has some control systems as PCU control [2.10], CCU control and observation line 
of the PCU for precise actions when restarting. In case the PCU does not perform the actions 
exactly, the Slave SCU must gather data systems as backup system, including radiation data 
and HK data which include thermal data, voltage data, and electric current data and strain data. 
In totalling, the data is preserved in the EEPROM, which acts as a memory system [2.10]. 
2.2.2 Shinen2 Power Control Unit PCU 
In this part [2.11], power unit of Shinen2 developed by student in Kyushu Institute of 
Technology and Kagoshima University which appearances the PCU electric board defined in 
Fig 2.13. The internal structure of Shinen2 shown before, use one series of lithium ion battery 
(3.6V) works in range temperature vary from -20℃ to 50℃, contains 16 batteries in parallel, 
one used for redundancy and other series added for protection circuit, the average capacity is 
about 52 Ah. The Shinen2 have Solar Array Panel [2.11], type silicon cells with efficiency 
17%, for A-line (11 arrays) and C-line (10 arrays), each cell can generate maximum power 
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about 2.70W. In the system architecture, defined above, the SCU have also Maximum Power 
Point Tracking (MPPT) connected to Solar Array Panel (SAP) [2.11], with efficiency 75%, 
input voltage vary from 0.5V to 5V works in range temperature from -30℃ to 150℃. The 
power consumption of each component defined in bus system described in Fig 2.14 and the 
battery protect circuit performance shows in Fig 2.15. 
 
Figure 2. 13   PCU board model 
 
Figure 2. 14   Electric components consumption of Shinen2 
 
Figure 2. 15   Battery protect circuit performance 
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2.2.3 Shinen2 Communication Control Unit CCU 
2.2.3.1 WSJT Communication System 
The communication conceptual diagram of Shinen2 contains more links means lines of 
communication [2.11], both of them using the frequency amateur radio band as amateur radio 
service. The main specification of each system, by applied different techniques as interfaces 
used for developing our data as WSJT (Weak Signal& Joe Taylor) and AX-25 with require bit 
rate for the uplink and downlink [2.11], different mode of modulation adapted to the link design 
like binary phase shift keying BPSK [2.11-13] modulation without subcarrier F1D and 
modulation with subcarrier A1A…etc. 
2.2.3.2 Communication Link and Frequency 
The below Table 2.2 defined the communication lines and allocation frequencies. 
Table 2. 2   Frequency and link of Shinen2 
System                           Channel Uplink/ 
Downlink 
Frequency 
(MHz) 
 Transmit 
Power(W) 
Modulation 
type 
Interface  Bandwidth 
(KHz) 
S/C -
Operation                                                                                                               
CH1 
CH2 
UP 
Down 
145 
437 
 50 
0.8 
F1D 
F1D 
Ax.25 
WSJT 
 16 
3 
                              
Relay- 
Satellite 
  
S/C -
Identification  
CH3 
CH4 
 
CH4 
 
UP 
Down 
 
Down 
145 
437 
 
437 
 50 
0.8 
 
0.1 
 
F1D, A1A 
F1D, A1A 
 
A1A 
Ax.25 
WSJT 
 
Morse 
 16 
16 
 
0.5 
 
The Spacecraft operation system (C-Line) use the exchange of operational data of the 
spacecraft between the ground control station and the spacecraft. The radio relay line (A-Line 
Amateur Radio Relay Experiments) used for long-distance communication experiments with 
the ground of amateur radio. The B-Line beacon signal, used as a line for the spacecraft 
identification. [2.10-11] 
The diagram of communication system shows in Fig 2.16 of the three communication lines of 
the Shinen2 probe including the channels (CH1 to CH5) specified in previous table in different 
ground stations at Kagoshima University, Kyushu Institute of Technology and Tohoku 
University [2.11]. 
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Figure 2. 16   Ground stations for receiving shinen2 data 
2.2.3.3 WSJT Interface 
One of the more important mission of Shinen2 is transmitting to deep space that means the 
transmitting signal is very weak [2.11]. For this reason we applied the model interface called 
WSJT, the purpose to demonstrate new communication system using the amateur radio band 
by using the software HDSDR for receiving data [2.14]. It is useful as a weak signal 
communication program developed for communication facilities and low power facilities. The 
downlink of the C-line and the A-line communication system was adopted for the WSJT system. 
The WSJT system has a specific talent. The signal level used is 10 dB lower than the CW signal 
level, which used an acoustic signal of PC, and integrated the noise level below the signal 
[2.11]. In the 200 Hz to 1.4 KHz of bandwidth, seven spectrum slots per 200 Hz steps are 
prepared, and the lowest frequency is always used for the output. The other spectrum slots were 
assigned and control characters [2.11], for example from 0 to 7 and BOF (Begin OF Frame) is 
illustrated in Table 2.3. In order to achieve a constant transmission power and increase as much 
transmission power per slot as possible, a combination of the two spectrums was selected. The 
power per spectral line was 0.2 W (for all lines 0.8W). The number of spectrums is always 
three on the transmit signals described in Fig 2.17. Error detection data analysis was always 
used [2.15]. 
Table 2. 3   Definition of each frequency by characters 
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Figure 2. 17   WSJT system of Shinen2 
On the right graph of Fig 2.16, present the power spectrum by varying the frequency and the 
horizontal axis is the time. When there are three numbers, they are converted to the 
corresponding character. The assignment of the code to the eight characters. For example, when 
the ground station received the code “011”, it obtained the data of the beginning of frame BOF. 
In addition, when we received the code “023”, it obtained the data “4”. To analyse the received 
data of the Shinen2, the down-link data were composed of 13 bytes, with 2 bytes of 
synchronization by using the 2 bytes of CRC. Moreover, the bit rate of the WSJT is 1 bps, and 
the down-link data were needed to receive 2 minutes per frame data. In totalling, Shinen2 sent 
the same data two times, because the received data improved the construction [2.11]. 
2.2.3.4 Operation Mode System of Shinen2 
The Fig 2.18 presents the transmission mode through CCU of Shinen2 and how the commands 
transmitted via PIC16F877A between the PCU and the main board SCU. The two blocks define 
the prototype device used TX and RX (Nishimusen model) [2.16]. The modulation type applied 
is SSB Signal Side Band to transmit the audio signal or RF wave via frequency 437MHz [2.17]. 
 
Figure 2. 18   CCU transmission mode 
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The Fig 2.19 and Fig 2.20 defined the transmitting power for each frequency Up/Down, that 
value tested to be sure when doing the link budget calculation. 
 
Figure 2. 19   Power spectrum density for 145 MHz  
 
Figure 2. 20   Transmitted power for Up/Down frequency 
2.3 Deep Space Exploration 
Deep space exploration has one of its inspirations in the human venture to explore the resources 
of the Solar System. The technology of deep space radiation environment is a major risk for 
interplanetary human space journey. The human exploration missions will rely on some 
measurements to distinguish how much radiation expected in orbit. During the journey of 
Curiosity to Mars has qualified radiation levels surpassing NASA’s profession limit for 
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astronauts [2.18], NASA will used the Curiosity’s data to design missions to be safe for human 
explorers. The RAD Radiation Assessment Detector was used in Curiosity probe illustrated in 
Fig 2.21 to measure the cosmic radiations.  
 
Figure 2. 21   Mars Curiosity Rover-RAD  
 
Moreover, the RAD was used for previous probe as Curiosity for first radiation measurements 
on Mars defined in Fig 2.22 and for Shinen2 probe was adopted to the same CMOS sensor 
called RPPD for getting radiation measurements on deep space.  
 
Figure 2. 22   RAD surface observation (Dose rate vs Time) [2.19], 
2.4 Shinen2 Payload 
2.4.1 Radiation Particle Pixels Detector 
The payload of space probe was installed for measuring radiation intensity using particle pixel 
detector RPPD to evaluate the distribution of the cosmic radiation described in Fig 2.23 [2.11]. 
The RPPD was designed by NASA Johnson Space Centre and Prairie View A&M University 
with low weight about 800 grams, operating capability for low power is near to 1 Watt, suitable 
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for a period 2 to 5 years, ability to generate data for low bit rate transmission 9.6 Kbps with a 
good tolerance in deep space environment and boarder range temperature from -50 to 50 °C 
[2.20]. 
 
Figure 2. 23   Prototype radiation sensor of Shinen2 
Shinen2 payload, PPD, uses two CMOS sensors and ritual designed radiation-hardened FPGA 
(field-programmable gate array) to endure the deep-space radiation environment with ability 
to evaluate energy and particle flux, 85% of protons and 14% of the alphas of the Galactic 
Cosmic Ray (GCR) composition in deep space that differs as a function of the solar cycle. The 
Fig 2.24 defines the opened box of RPPD [2.25]. 
 
Figure 2. 24   CMOS sensors S1-S2 of Shinen2 
2.4.2 Sensor Test Procedure for End to End Test of FM Model 
This section describes sensor testing procedure of the PPD (S1,S2) for the measurement of 
cosmic radiation in deep space [2.11], However, to verify the operational capability of the 
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developed units [2.21], some radiations sources such Cobalt (Co-60), used for testing the 
payload with low energy radiation. Before connecting the cable to power supply, the voltage 
should be 5V (Volts) and max current is set to 500mA [2.11]. After connecting the cables to 
RS422 USB converter, and to the power supply. The voltmeter should read 5 V and current 
meter is about 279 mA (miliAmperes) described in Figure 2.25. The software Matlab is used 
to call the function (sensor1-lowflux-energy1) that contain the code for plotting the radiation 
hits of each sensor. When we connect the USB cable to the laptop. Yellow LED will be lit on 
the RS422 converter indicating is connected and ready to use for communication [2.11]. After 
running the program we should enter the number of frame generated. Furthermore, the program 
will start collecting date and a window will display number of frame and number of counts 
after 1 hour that means the green LED blinking very fast indicating data exchange [2.11]. The 
same procedure for the second sensor by calling the second function in Matlab (sensor2-
lowflux-energy2). Finally, the windows displays the number of hits of each sensor means that 
our sensor worked well, ready for orientation and installing in FM of Shinen2. 
 
Figure 2. 25   Connecting the sensor to power supply and RS422 converter 
2.4.3 Results and Discussion 
During the test procedure of the CMOS device before assembling to the internal structure of 
Shinen2, some number of frames should be generated to the program for each function sensor1-
lowflux-energy1 and sensor2-lowflux-energy2 to see if the RPPD can generate some hits in 
the source material (Co-60) 
 Number of frame: 90000 
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Figure 2. 26   Data collection program (90000 fames) 
 Run the program sensor1-lowflux-energy1 
 
Figure 2. 27   Co-60 Radiation hits histogram of S1 (90000 frames) 
 Run the program sensor2-lowflux-energy2 
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Figure 2. 28   Co-60 Radiation hits histogram of S2 (90000 frames) 
The same test procedure is applied to do more simulations of sensor and try to find the best 
position to implement in the internal structure of shinen2 probe, the number of frames increase 
to see if the sensor can generate more hits during the run and estimation of the intensity of the 
payload before launch day. 
 
 Number of frame : 1080000 
 
Figure 2. 29   Data collection program (1080000 fames) 
 
Figure 2. 30   Co-60 Radiation hits histogram of S1 (1080000 frames) 
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Figure 2. 31   Co-60 Radiation hits histogram of S2 (1080000 frames) 
2.4.4 Telemetry Data of the Space Probe 
This section defines the type of frame data of Shinen2 from SCU to CCU data format that 
defined in previous functional block diagram with red line (control line) for the communication 
link [2.11]. The telemetry data of Shinen2 is illustrated in Fig 2.32. 
 
 
Figure 2. 32   Frame data of Shinen2 [2.11] 
 
 01frame = 16 Bytes (128 bits) 
 Control code: 06 Bytes with variable length 
 Data (CCU command) 
 Data length (the length of the data source) 
 Data: 8 Bytes 
 Exit code2: Bytes 
 
The telemetry frame data size of CMOS sensors is described, to know each sensor how much 
has number of bytes before collecting all data from the signal wave saved in the software 
HDSDR [2.11], Fig 2.33 defines the telemetry data of Shinen2 payload. 
 
Figure 2. 33   Frame data of payload 
 24 Bit Frame including 8 Bit Frame Synchronisation 
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 Byte 2: Frame Sync – 10101100 (0xAC) 
 Byte 1: Sensor 1 pixel value (0x00 to 0xFF) 
 Byte 0: Sensor 2 pixel value (0x00 to 0xFF) 
2.4.5 Payload Orbital Data 
Before launching the space probe by H-2A rocket [2.11], a vibration test of the flight model 
FM of Shinen2 was carried out by using the facilities at the Kyushu Institute of Technology. 
The Fig 2.34 shows the outline of the vibration examination. The test results confirmed that 
the space probe had a certain resistant for every vibration of the H-2A rocket. Furthermore, the 
measured natural frequency of the Shinen2 was 350Hz; an exact agreement with the predicted 
value 360Hz using the simple analysis. The Shinen2 was safely deployed into deep space orbit 
by the H-2A rocket, and was beyond the lunar orbit in only 20 hours [2.11]. 
 
 
Figure 2. 34   The vibration test of flight model of Shinen2 
2.4.5.1 Radiation Events of Shinen2 
Several ham radio operators around the world succeeded in receiving the signals transmitted 
by the UHF band on board the space probe Shinen2 using HDSDR Software Defined Radio. 
The persons of representative call sign ham operators are JR8LWY, JH6VAX, SQ5KTM and 
PE1ITR. When the Shinen2 flied around the lunar orbit, the received predicted temperatures 
of the surface structure, battery, transmitter and RPPD sensor were 297K, 300K, 320K and 
301K respectively. These are in good agreement with the measured data; 293K, 296K, 307K 
and 295K. This part describes the result of the received data from the Shinen2 defined in Fig. 
2.35, and the Shinen2 checks if the SCU with payload PPD worked in deep space by the 
received HK data [2.11-22]. 
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Figure 2. 35   The received data of Shinen2 
The Shinen2 probe was received the last data at 2.3 million km for approximately six days. 
However, only three days’ worth of data could be analysed. It was difficult to examine all the 
data from the other days because of the week signal. Several data from the sensor RPPD was 
decrypted after examination of all frame data for the WSJT communication system [2.11]. 
Hence, its able to plot a histogram distribution of the cosmic radiation payload in an actual 
context with real data received from the probe, the measured cosmic radiation data from S1 
and S2 sensors are shown in Fig 2.36 caused by solar flares, means the sensor works normally 
in deep space and it can measure the radiation intensity. The sensor S2 generates more hits 
(more radiations events) and S1 less radiations because the S1 was installed in the bottom of 
internal structure near to the electronics devices and batteries. Hence the S2 was fixed in the 
top panel (no obstacles). Lastly, the Fig 2.37 presents the result when the PPD of Shinen2 was 
caused by inner and Van Belt radiation. 
 
Figure 2. 36   Histogram distribution of the first data set from Shinen2 
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Figure 2. 37   Radiation intensity of Shinen2 
To verify after launching if Shinen2 probe is caused by solar flares or not, the measured data 
of Geostationary Operational Environmental Satellite (GOES) system who provides 
atmospheric, oceanic, climatic, and solar products supporting weather forecasting and 
warnings, climatologic analysis and prediction, ecosystems management, and safe and efficient 
public and private transportation, are used to plot the Fig 2.38. The GOES Series system also 
provides a platform for space environmental observations [2.26], and auxiliary 
communications services that provide for GOES data rebroadcast, data collection platform 
relay, low resolution imagery, emergency weather communications [2.23-26]. 
 
Figure 2. 38   Proton flux versus time (GOES-data) 
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Figure 2. 39   Crossing of Shinen2 on radiation belts 
The Figure above presents the 2D plot of the energy flux or proton flux versus time, the red 
arrow shows the launching day of Shinen2, was on 3rd December 2014. At this region, the curve 
did not have a peak value of proton flux, it means Shinen2 probe not cause by solar flares. The    
histogram distribution of the first data set from Shinen2 [2.24] from 12/04/2014 (00:00) to 
12/04/2014 (14:24) shows no radiation events, it means our probe caused by X-ray radiations 
as noted in [2.24]. The Fig 2.39 illustrate the inner and outer radiation belts when the shinen2 
probe penetrate this area. The details was described in the results of Fig 2.37. 
2.4.6 House Keeping Data of Shinen2 
After launch, Shinen2 probe was able to communicate with different ground stations (KIT, 
Kagoshima, Tohoku, Green Bank Telescope) and in the downlink data there were also many 
HK data. Table 2.4 shows a record of the Shinen2 data [2.10], including date, time, distance, 
type and call sign from the ham operators who used the amateur radio wave.  
Table 2. 4   Record data of Shinen2 [2.10] 
Date 
Year/month/day 
Time 
Hour/min/sec 
Altitude (Km) Communication 
Line  
Call Sign  
2014/12/08 21:55:01 2,309,140 C- Line PE1ITR 
2014/12/07 15:24:01 1,810,200 C- Line JH6VAX 
2014/12/06 11:30:00 1,344,000 C- Line JH6VAX 
2014/12/05 00:03:05 750,000 C- Line SQSKTM 
2014/12/04 10:37:01 523,400 C- Line JH6VAX 
2014/12/03 10:31:23 109.300 C- Line JR8LWY 
 
The analysed data for one week after launch is illustrated in Table 2.5 
Table 2. 5   House Keeping HK data of Shinen2 [2.10] 
Device 
 
Value Device Value 
Line C  
battery Voltage  
3.88 [V]  
to  
Line A  
bus  
3.88 [V]  
to  
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4.06 [V]  voltage  4.02 [V]  
Line C 
 Battery Current  
0.14 [A]  
to  
0.25 [A]  
Line A  
Bus  
Current  
0.65 [A]  
to  
0.88 [A]  
Line A  
Bus  Voltage  
3.88 [V]  
to  
4.04 [V]  
Line C  
Buttery  
Voltage  
-  
Strain  Gage 1  0.01  
to  
0.0139  
Strain  
Gage 1  
0.145  
to  
0.146  
Strain Gage 2  0.01  
to  
0.0139  
Strain  
Gage 2  
0.0137  
Line A  
Buttery Thermal  
15.92 [℃]  
to  
22.32 [℃]  
Line C  
Buttery  
Thermal  
13.2 [℃]  
Line A  
Buttery Top 
thermal  
18 [℃]  
to  
23.2[℃]  
Line A  
Buttery  
Top 
thermal  
23.78 [℃]  
Surface Z + 
thermal  
15.14 [℃]  
to  
19.2 [℃]  
Surface Z  
thermal  
17.86 [℃]  
to  
31.6 [℃  
Line C  
RX-RSSI  
1.343 [V]  
to  
1.6 [V]  
Line A  
Bus  
Current  
0.78 [A]  
to  
1.74 [A]  
Line C  
RX-I  
0.022 [A]  
to  
0.026 [A]  
Main TX I  0.554 [A]  
to  
0.71 [A]  
Line C  
RX-NSQ  
0.02[V]  
to  
0.14 [V]  
MAIN  
Sensor I  
0.45 [A]  
to  
0.71 [A]  
Line A  
RX-RSSI  
0.62 [V]  
to  
0.64 [V]  
SUB-TX-I  0.397 [A]  
to  
0.8 [A]  
Line A  
RX-I  
0.025 [A]  
to  
0.03 [A]  
Line A  
Bus  
Current  
0.42 [A]  
to  
1.58 [A]  
Type A  
RX-NSQ  
0.02 [V]  CMOS  
Top  
thermal  
19.45 
[℃]  
to  
22.9 [℃]  
TX- main  
Thermal <-Y>  
27 [℃]  
to  
36 [℃]  
TX- sub  
Thermal  
<-Z>  
21.4 [℃]  
to  
33.9 [℃]  
 
2.5  Conclusions & Recommendations 
In this chapter a control system design for a deep space mission, Shinen2, was presented. This 
report presented a model of small probe deep space as Nano satellite describing each 
subsystems and defining main mission using the payload sensor in Kyushu Institute of 
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Technology developed by the NASA-JSC with high performances to detect the measurements 
of cosmic radiations [2.11], it can survive in a strong radiation region such as the Van Allen 
belt radiation.  
Shinen2, could receive the house keeping HK data and radiation sensor data after launch. In 
addition, the data was normal while in deep space, therefore, the sensor of Shinen2 worked 
normally and can used for any application in deep space. For the future work will include new 
devices or units such the engineering unit detector used before but with high performance, 
different requirements and it can be used for long life cycle and with new design 
communication system [2.11]. 
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Chapter III 
Study of End Radio Silence Signal Trough the Thermal 
Shield Made by LATS Materials 
 
3.1 Outline 
Entering a planetary atmosphere is one of the most claim missions as the space probe faces a 
loss of communication, acknowledged as communication blackout, due to the plasma sheath 
occurred, caused by temperatures of several thousand degrees in front of the space probe [3.22], 
high heat flux, high velocity and excessive electrons concentration surrounding the surface of 
space probe. This chapter presents two sections. 
Section1 describes a study about a new method of communication called end of radio silence 
using the arc heating facilities of Japan. The purpose of the experiment was to test a heat shield 
equipped with transmitter placed behind it [3.23], in a plasma flow of high enthalpy. A receiver 
was installed in the shroud of the vacuum chamber, protected from the hot gas. Another purpose 
was to study the behaviour of a new type of ablative materials called LATS (Light-weight 
Ablator Series for Transfer Vehicle Systems) for protecting the space probe against severe 
heating. The experiment was carried out by using LATS, placed in front of the transmitter for 
several megawatts per square meter of heat flux. The main measured data are the surface 
temperature, the thermal performances like mass recession rate, the temperature of transmitter, 
the electrical parameters as received signal strength indicator RSSI and the quality of signal 
during transmission when the particles of the air gas in the plasma flow are heated [3.22-23]. 
In the section 2, several experiments were conduct to study the performance of hybrid ablative 
materials with different densities, known as LATS made by Carbon Fibre Reinforced Plastic 
(CFRP), developed by Professor Okuyama for protecting the spacecraft beside high enthalpy 
and to test a heat shield furnished with transmitter placed behind it, in a plasma flow. The 
second part presents also a study about new methodology how to estimate the electron plasma 
density in arc heating chamber of Institute of Space and Aeronautical Sciences (ISAS) using 
electrostatic Single Langmuir Probe (SLP) installed in the pipe cooling system by sweeping 
the voltage or potential from source meter unit. The main measured data are IV characteristics 
(Current - Voltage) of SLP in function of time, electron temperature, electron density, in-depth 
temperature of all devices and surface temperature. 
3.2 End of Radio Silence Signal 
The re-entry phenomena depend strongly on the re-entry trajectory plus the composition 
material of heat shield. The heat shield ablation create a plasma sheath around the probe in the 
stagnation point, caused by the high ions and electron concentration. However, the wave 
propagation was attenuated because of the communication losses during the blackout 
communication, known as end of radio silence signal since the electron plasma frequency is 
much greater than the operation frequency [3.1]. Some of the prevalent contests related to the 
space missions were the severe thermal environment of space probe and the radio frequency 
(RF) blackout during the atmospheric re-entry. However, several approaches are developed to 
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resolve the problem of the end of radio signal. For example, for GPS positioning, this 
phenomena is called RF Front End, illustrates basic term for all motherboards among the mixer 
stage and the patch antenna, this signal is caused by the effect of the ionospheric, tropospheric 
and atmospheric (no re-entry). Thus, to correct the error of the pseudo-range signal during the 
downlink data, preferable to modify the mixer stage by adding the band pass filter and RF 
amplifier [3.2]. However in case of re-entry phase, this problem is named end of radio silence 
signal caused by the plasma sheath during earth atmosphere re-entry adjacent to the space probe. 
In January 2016 various tests were conducted in DLR Germany Aerospace Centre (Deutsches 
Zentrum für Luft- und Raumfahrt) with Stanford University (California) [3.3], to find a 
solution to this tricky. An Arc jet plasma chamber, supersonic and hypersonic chamber are 
used to test a specimen model made by special material as CFRP placed behind a transceiver 
and try to communicate during the arc heating test with high enthalpy, The crucial to this 
method for avoiding re-entry communication blackout, is a positive and negative potential 
field produced in the neighbourhood of the transmitter’s antenna to reduce the plasma 
frequency. The Fig 3.1 illustrates the DLR-H2K hypersonic wind tunnel chamber and Fig 
3.2 displays example of experiment in this chamber showing how to communicate from the 
specimen model that equipped with TX to the receiver equipped with helix antenna during 
the high enthalpy (high heat fluxes) and plasma flow of the heated gases.  
 
Figure 3. 1   H2K hypersonic wind tunnel of DLR [3.4] 
 
Figure 3. 2   Test specimen model in plasma flow of H2K chamber [3.3] 
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In the next section II.3, diverse plasma chamber or wind tunnels chamber have been invented 
for developing recyclable space probe transport systems during the Earth atmospheres re-entry 
phase are displayed. 
3.3 Arc Heated Wind Tunnel Facility 
The facility has been developed for learning the performance of the thermal protection system 
and for basic training of the communication re-entering vehicle [3.5]. The arc jet heating 
machine [3.6] which tests the recession of material surface by blowing a gas, heated to ultrahigh 
temperature, to the specimen, at high speed. The facility used for this test [3.7], are mentioned 
in below figures Fig 3.3 and Fig 3.4. 
 
Figure 3. 3   Arc heating test of JAXA/ISAS 
 
(a) 
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(b) 
 
Figure 3. 4   Arc jet heating of JUTEM. (a) Erosion testing machine. (b) Schematic of 
measurement system  
The compared clarifications of the arc jet plasma wind tunnels machines [3.8] are defined in 
Table 3.1. 
Table 3. 1   Specifications of JUTEM and JAXA/ISAS facilities 
 
Specifications 
 
JUTEM JAXA/ISAS 
Heating method  
 
Arc heating + Plasma Flow Arc heating + Plasma Flow 
Heat Flux 
 
Maximum 2 MW/ m² Max 15 MW/ m² 
Gases type 
 
Nitrogen (𝑁2), Oxygen (𝑂2) 
Argon 
Air 
Argon 
 
Max input power 
 
20 KW 1 MW 
Discharge Current 
 
100 to 500 Amperes 300 to 700 Amperes 
Impact pressure 
 
0.05 to 0.35 kg/cm² 0.05 to 0.7 kg/ cm² 
 
3.4 Ablator Materials for Re-entry Space Probe 
3.4.1 CFRP and CFRTP for Space Use 
The experiments were conducted in the next section for the end of radio signal through the heat 
shield made by CFRP. Therefore, the Carbon Fibre Reinforced Plastic is used now as main 
material for different applications as transport (airplane, drone, train) and space (triple junction 
solar cell, surface of probe, spacecraft antennas and telescope reflector materials). For space 
probe re-entry, this material is constituted of carbon fibre and resin, which commonly used as 
heat shield for space manufacturing [3.9]. For OREX probe the type of material used is CCF 
Carbon Carbon Fibre in the surface of re-entry probe. In case of Galileo probe developed by 
NASA Jupiter explorer, the same material was used with high density was recycled in the 
spacecraft visible for 134 MW/m2 of concrete heat flux [3.10]. During the last 15 years, the 
REM capsule of Japan also used the high density of CFRP and was successful renter to the 
atmosphere.  
The benefits of using CFRP and CFRTP are: consuming high specific tensile strength, ultra-
light weight, low thermal expansion coefficient, chemical immovability, high heat resistant, 
low specific gravity and high specific elastic module [3.11]. Another advantage, Carbon Fibre 
Reinforced Plastic (CFRP) is lightweight materials which have good mechanical and 
conductivity properties. Therefore, understanding the process of degradation for CFRP is very 
important for evaluating its use in spacecraft structural components. The disadvantage of using 
 41 
 
this material in space environment for long period, the degradation of HK data of this materials 
after exposure are not easy to gained to the ground station[3.12].  
Usually, carbon fibres are practical for reinforcement of merged materials, prepared by a 
metallic plates or ceramic layers, crammed with resin and it is consider as superior to glass 
fibre (GFRP) or steel materials. The CFRP is separated in two family of materials CFRTS 
Carbon Fibre Reinforced Thermosetting Resins and CFRTP Carbon Fibre Reinforced 
Thermoplastics, the Fig 3.5 illustrates the difference in adhesion between these two materials.  
 
 Figure 3. 5   Difference in adhesion between CFRTS and CFRTP [3.13] 
There are various materials of thermoplastic polymers derived from carbon fibre reinforced 
thermoplastics CFRTP are clarified as follow [3-14-24]: 
Table 3. 2   Polymer types of CFRTP 
Polymers Type 
 
abbreviation 
Polyether Ether Ketone PEEK 
Polyether Ketone Ketone PEKK 
Polyphenylene Sulfide  PPS 
Polyether Imide PEI 
Polybutylene Terephthalate PBT 
Polyethylene Terephthalate PET 
Polycarbonate PC 
Polyamide Imide PAI 
Polypropylene PP 
Thermoplastic Polyimide TPI 
Nylon6 - 
Nylon66 - 
 
The external structure of small deep space probe Shinen2 defined in chapter 2, was made by 
the PEEK type for CFRTP outer FM structure clarified in Fig 2.5. 
The models of carbon fibre reinforced using for experiments to make ablator materials and 
tested for re-entry condition for space probe, developed in Okuyama laboratory are showed in 
Fig 3.6. 
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(a) 
 
(b) 
Figure 3. 6   Carbon fibre reinforced for space use. (a) CFRTP cross type. (b) CFRP cross 
type  
3.4.2 LATS Materials 
Nowadays several researchers are working in testing some materials that have a good 
mechanical and thermal properties, especially for space probe re-entry as USER probe contains 
this type of this materials. For this reason Professor Okuyama improves the LATS materials 
Light-weight Ablator Series for Transport Vehicle Systems, to reassure a low mass recession 
for the thermal shield and can resist for high temperature, and have also different melding 
method comparing with the Phenolic Impregnated Carbon Ablator PICA materials invented by 
NASA [3-9]. The ablator is contrived by heating and pressurizing material in which resin is 
impregnated in the carbon fibre felt [3.25]. The Fig 3.7 described the model type of LATS with 
high density used for test specimen model as heat shield place behind a TX for RF blackout in 
ISAS arc jet plasma wind tunnel chamber. 
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Figure 3. 7   LATS materials made in Okuyama Lab 
There are various materials of LATS were used for space probe, the Table 3.3 illustrates 
different series of materials for special programs. [3.9-15]. 
Table 3. 3   Lightweight ablator’s materials 
Series of Materials 
 
Programs 
LATS Kyutech project (Shinen2) 
PICA Stardust 
Acusil Comets 
AVCORT5026 Apollo 
SLRCA Mars Pathfinder 
SPA MIRCA 
AQ60 Huygens 
CCF OREX 
 
3.5 Methods and Experiments 
3.5.1 Overview 
The re-entry phenomena depend strongly on the re-entry trajectory and the heat shield material 
composition. The heat shield ablation create a plasma sheath around the probe in the stagnation 
point, caused by high heat flux, high surface temperature and speed. However, the wave 
propagation was attenuated because of the communication losses during the blackout 
communication meanwhile the electron plasma density is ample superior than the operation 
frequency [3.16]. Some of the prevalent contests related to the space missions were the severe 
thermal environment of space probe and the signal frequency (RF) closure during the 
atmospheric re-entry. 
The impartial of this chapter is to present the two features, the one associated to the validation 
of the ablative materials [3.17] called LATS (Light-weight Ablator Series for Transport 
Vehicle Systems) made by Carbon Fibre Reinforced Plastic (CFRP) for protecting the probe 
against the harsh heating and for protecting the transceiver from the high in-depth temperature 
to achieve the range operation temperature. The composite ablative materials are frequently 
recycled as thermal shield were developed by Professor Kei-ichi Okuyama laboratory defined 
in previous section [3.18]. The LATS material contains a resin that undergoes thermal 
decomposition during the heating test [3.25].  
The other novel aspect developed first time, is related to the radio frequency (RF) blackout re-
entry and consists in testing a device, covered by a heat shield. It is a transmitter (TX) with 
band frequency of 2.4GHz located behind the thermal shield which faces a plasma flow heated 
to numerous thousand degrees. The receiver (RX) equipped with wire antenna was mounted in 
the shroud of vacuity chamber and outside of the warm gas flow to receive the radio signals 
during the transmission to achieve the received signal strength signal (RSSI), current noise and 
quality of signal. The both studies are contributing in enhancing the knowledge and in evolving 
new technologies related to a future small space probe mission, led by universities. This method 
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was established the first time in Okuyama laboratory and also just numerical simulations in 
German Aerospace Centre DLR using pulsed electric fields. 
The measured data of the tests at Japan Ultra High Temperature Material Centre in Sagamihara 
(JUTEM) and Japan Aerospace Exploration Agency/Institute of Space and Aeronautical 
Sciences (JAXA/ISAS) are done to measure some parameters as surface temperature, in-depth 
temperature and mass recession rate of the material to prove that it has good properties for 
thermal protection [3.19]. Moreover, the temperature of transceiver and the electrical 
parameters for room temperature were compared with those measured during the test. 
3.5.2 Description of the Process  
For solving problem, several approaches were developed to calculate the temperature of body 
[3.17], the surface recession caused by chemical ablation and received signal strength indicator 
of transceiver using the arc-jet heaters, are often used to simulate re-entry conditions. The aims 
of the arc heating tests were: 
 To study the thermal performances of the specimen’s LATS material for several heat 
fluxes   
 To study the re-entry blackout transmission signal during the arc heating tests. 
3.5.1.1 Test Models 
The Table 3.4 defines the variety of the specimens used for the test. The types A, B, C (25 mm 
of diameter) were used as simple models and D types (45 mm of diameter) were used for the 
communication tests (COM models), each model having 2D LATS cylinder shape with 
different densities. 
Table 3. 4   The test models 
Model Material 
 
Density (g/𝑐𝑚3) 
A1 LATS 0.3 
B1  LATS 0.5 
C1 LATS 0.7 
A2  LATS 0.3 
B2 LATS 0.5 
C2 LATS 0.7 
A3 LATS 0.3 
B3 LATS 0.5 
C3 LATS 0.7 
A4 LATS 0.3 
B4 LATS 0.5 
C4 LATS 0.7 
A5 LATS 0.3 
B5 LATS 0.5 
C5 LATS 0.7 
A6 LATS 0.3 
B6 LATS 0.5 
C6 LATS 0.7 
D1 LATS 0.7 
D2 LATS 0.7 
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D3 LATS 0.7 
D4 LATS 0.7 
D5 LATS 0.7 
3.5.1.2 Test Conditions 
3.5.1.2.1 The Ablator Specimen 
The ablators which were used in this study were designed by CAD software. In order to avert 
the lateral edges of the ablator specimen averse to the high heat [3.17], the test piece is shielded 
with a Bakelite sleeve (2.5 mm of thickness). The thermocouples (K-types) were connected for 
measuring in-depth temperatures through the test, in the route of the heat flow. The CAD 
simple models of ablator and COM models ablator are displayed in the Fig 3.8 and Fig 3.9 and 
designed in different sections with precise measures of each specimen. 
 
 
Figure 3. 8   Ablator specimen for communication test (D1 to D5) 
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Figure 3. 9   Ablator specimen simple models test (A1 to C6) 
3.5.1.2.2 The Test holder 
Orderly to obviate the lateral sides of the ablator specimen averse to the high heat, the test piece 
is covered with a Bakelite sleeve [3.17]. The Fig 3.10 and Fig 3.11 displayed the holder for the 
Bakelite of the simple models (A1 to C6) and the COM models (D1 to D5) 
 
Figure 3. 10   Test holder for COM models 
 
Figure 3. 11   Test holder for simple models 
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The transceiver used for the heating and plasma flow test is a wireless device with an 
omnidirectional wired antenna in range of operating frequency 2.4 GHz as RFID, UWB or 
Zigbee, placed behind the ablator material and equipped with two thermocouples (TCs-K-
types). Fig 3.12 shows the real model D1 type (2D model and 0.7 g/cm3) with pins connection 
of TX used for the heating test for re-entry conditions. 
 
 
(a) 
 
(b) 
 
(c) 
Figure 3. 12   D1 ablator COM model. (a) Bakelite + Ablator. (b) RFID + Assembly of D1. 
(c) D1 covered by the insulator and glass fibre + Pins connections for vacuum chamber 
3.5.1.3 The Tests Conditions /Matrix 
The superficial temperature is computed via an infrared pyrometer, which is a device that 
identifies the infrared radiation from the surface of the LATS materials [3.17]. The test matrix, 
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plasma flow of the air gas conditions for each test, is assumed in Table 3.5 showing the heat 
time in second and specified distance from the nozzle to specimen models (heat fluxes). 
 
Table 3. 5   The test conditions 
Models Heat time 
(second) 
Heat Flux 
(MW/𝑚2) 
Number  of 
TCs 
 
Gas Diameter ablator 
(mm) 
A1 120 1.2 2 AIR 29 
B1 120 1.2 2 AIR 29 
C1 120 1.2 2 AIR 29 
A2 120 0.2 2 AIR 29 
B2 120 0.2 2 AIR 29 
C2 120 0.2 2 AIR 29 
A3 120 1.0 2 AIR 29 
B3 120 1.0 2 AIR 29 
C3 120 1.0 2 AIR 29 
A4 120 0.4 2 AIR 29 
B4 120 0.4 2 AIR 29 
C4 120 0.4 2 AIR 29 
A5 120 0.8 2 AIR 29 
B5 120 0.8 2 AIR 29 
C5 120 0.8 2 AIR 29 
A6 120 0.6 2 AIR 29 
B6 120 0.6 2 AIR 29 
C6 120 0.6 2 AIR 29 
D1 300 0.8 4 AIR 45 
D2 300 1.0 4 AIR 45 
D3 300 0.6 4 AIR 45 
D4 30 2.3 4        AIR 45 
D5 60 2.3 4 AIR 45 
 
3.5.2 Communication Block Diagram 
3.5.2.1 Assembly of the COM model and functional diagram 
The goal of the arc heating tests to achieve and evaluate the performance of the ultra-
lightweight ablator used for COM models. The key of the experiment for preventing the re-
entry blackout transmission signal to see if the propagate wave operation (frequency 2,4GHz) 
cross wave signal of heated plasma flow during the heating in chamber, the specimen model 
(assembly) is defined in Fig 3.13 
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Figure 3. 13   Assembly of the specimen communication model 
The Fig 3.14 illustrates the functional block diagram in the ISAS chamber. The specimen COM 
model is placed close to the nozzle for various distance respecting the heat flux generated. The 
value of heat flux vary from 2 MW/m2 to 5 MW/m2in ISAS/JAXA chamber. In case of using 
JUTEM facility, the value generated less than 2 MW/m2. Each model equipped with 2 TCs ad 2 
TCs also for transceiver. The main purpose is to try send the packets from TX to RX. In parallel, to 
measure the RSSI signal and current noise during the plasma flow of the heated gases via UART 
interface with bit rate of 9.6 kbps. The measured data (surface temperature, in-depth temperature, 
quality of RF signal, packets transmitted/received) were assumed in results section  
 
Figure 3. 14   Communication block diagram 
Before starting the experiment, the model was fixed by varying the distance from the nozzle 
and the currents generated by the arc heating machine to select the precise value of heat flux 
used for each specimen model shape for the runs described in Fig 3.15.  
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Figure 3. 15   Nozzle distance and current versus heat flux 
For example, during arc heating test, the selected heat flux value (0.8 MW/m2) requires a 
distance from the nozzle to the specimen around 60 mm and current about 100 A. the maximum 
pressure generated through the plasma flow is estimated to 1.5 Torr. 
Fig 3.16 shows the specimen model during the test in ISAS vacuum chamber. 
 
 
(a) 
 
(b) 
Figure 3. 16   Specimen model during the test heating and plasma flow. (a) D1 model during 
the run. (b) Zoom of D1 model during the run 
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3.6 Results and Discussions 
The results of the tests performed at JAXA/ISAS and JUTEM are described in the figures 
below. The Fig 3.17 shows the aspect of the ablator material after heating with high enthalpy. 
 
 An empirical relationship between the mass recession rate, density and surface temperature 
could be found, after analysing the results from the different runs. Also, the values for the 
communication models are appeared in below figures (Fig 3.18, Fig 3.19 and Fig 3.20). 
    
(a)                                                             (b) 
Figure 3. 17   Example of ablator type D1 after test. (a) D1 model with Bakelite after test, (b) 
the disassembly of D1 model 
 
Figure 3. 18   Heat flux versus surface temperature for all models 
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Figure 3. 19   Mass recession rate versus low surface temperature 
 
Figure 3. 20   Mass recession rate versus high surface temperature 
The Fig 3.21 presents the results of maximum temperature variation in function to the position 
from the surface of the thermocouples, in case of COM models. 
 
Figure 3. 21   Temperature versus position from surface of the thermocouples 
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3.6.1 Interpretation of Plots 
According to the previous plots results, the Fig 3.18 illustrates the wall temperature in function 
to the heat flux and those parameters are strictly dependents. If the heat flux rises the surface 
temperature also increase during the plasma flow and aerodynamic heating. In case of OREX 
probe during re-entry atmosphere with hat flux value about 3.3 MW/ m2 , the expected 
maximum value of wall temperature was about 1650 ℃ defined in Fig 4.10, this value almost 
similar the surface temperature defined in Fig 3.18 (2.3 MW/m2, 1800 ℃), the maximum was 
2000 ℃ because of the high pressure of heated gas in ISAS chamber. 
The focal variance between LATS and conventional ablators is the density of this material and 
the fact that LATS is a porous material at the wall temperature. The comparison of thermal 
conductivity respectively to the specific heat, among the LATS used for the prior test and 
USERS probe materials with numerous densities is described the Fig 3.22. 
 
 
Figure 3. 22   Dependency of the specific heat with the temperature (for LATS and USERS) 
[3.15] 
According to the results defined in the Fig 3.19 and Fig 3.20, presenting the mass recession 
rate versus the high and low surface temperature. The minimum recession rate for COM model 
was about 3.2 × 10−4 kg/m2/s and 1 × 10−4kg/m2/s  for simple models, those numbers 
explained that LATS materials have a good thermal protection and can be used for space re-
entry. There are some different values because ablators’ models have different densities. 
Regarding the surface recession rate, the reliance with the inaction pressure in case of LATS, 
PICA and conventional CFRP ablator (USERS) was illustrated in Fig 3.23. 
 54 
 
 
Figure 3. 23   Thermal diffusivity for LATS and conventional ablators (USERS) [3.15] 
Several experiments were conducted in JUTEM facility for low heat fluxes to see if the 
communication blackout can be occurred or not. The below figures (Fig3.24-25) are displayed 
to measure the temperatures value for each device (TX, Antenna temperature, TC1 and TC2) 
through the plasma flow (N2: 40L/min, O2: 36L/min) for several heat fluxes. The receiver was 
installed in shroud of chamber, it is grasp temperature about 45 ℃. 
The measured data are plotted. For example, the Fig 3.25 presents the measured results of D1 
model for heat flux about 0.8 MW/m2, describes the time history of in-depth temperature for 
TC1 (10 mm), TC2 (20mm) (Fig 4.11 showed the position of thermocouples in the ablator 
model). The temperature of transmitter (TX Temp) and the temperature of antenna (Ant Temp) 
reached the maximum value about 200 degree Celsius. At this value the TX stopped the 
transmission of packet, because TX can operated just in the range temperature about -20 to 150 
degree Celsius. From 300 seconds to 800 seconds, the transmitter can work typically and sent 
the packets during the heating. The communication link can be established for lower 
temperature and low plasma density (attenuation of signal decreases gradually) related to the 
impact pressure of vacuum chamber. 
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Figure 3. 24   Surface, in-depth temperature results of ablator (TC1-10mm, TC2-20mm) and 
transmitter for 0.6 MW/ m2 
 
Figure 3. 25   Surface, in-depth temperature results of ablator (TC1-10mm, TC2-20mm) and 
transmitter for 0.8 MW/ m2 
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Figure 3. 26   Surface, in-depth temperature results of ablator (TC1-10mm, TC2-20mm) and 
transmitter for 1 MW/ m2 
3.6.2 Results of RSSI & Current Noise through the Plasma Flow in ISAS Chamber 
3.6.2.1 RSSI Plots 
Finally, to conclude the results, the Fig. 15 defines the RSSI performance during the 
communication loop (bit rate 9.6 kilobits per second). When the plasma occurred, at the start 
heating point (aerodynamic heating), the RSSI value was about -45 dBm (quality of signal 
70 % success – communication established), after 2 minutes, the quality of signal decreases to 
-85 dBm (20% of success - communication blackout). To keep the local device (TX) transmits 
the packets to the remote device (RX), the frequency band of the transceiver should increases 
because the plasma frequency in the chamber was higher than the operation frequency and 
other solution is to use ablator material with high density to reach lower surface temperature. 
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Figure 3. 27   Received signal strength of transceiver during the test in ISAS 
 
Figure 3. 28   Received signal strength of transceiver during the test in JUTEM 
3.6.2.2 Transmitted/received Packets 
The Fig 3.29 displays the number of send and received packets during the re-entry conditions. 
At the start heating point (14:06:00), the remote device (RX) receives almost full packets (80%) 
means the communication was established. Contrariwise, the communication is interrupted at 
(14:07:44) because at that time the quality of signal decreases which defined in Fig 3.27. 
The selected baud rate, message transmitted, number of packets and loop time are defined as 
follow: 
 Bit Rate: 9.6 Kbps 
 Interval time for sending loop data: 500ms 
 Message transmit: ABLATOR TEAM (12 bytes in Hex) 
 Packets Sent:  9600 bytes 
 58 
 
 Packets Received:  8500 bytes 
 Missing Packet:  1100 bytes 
To define the quality of signal (end of radio silence) during the re-entry phase, the theoretical 
Eq 3.1 is used to estimate the Q 
Q = 2(RSSI + 100)             Eq (3.1) 
Before heating and plasma 
 RSSI= - 45 to - 65 (dBm)  
 Theoretical (equation), the quality  Q = 70 % (Eq 3.1) 
 Practically:  Q = 55 % to 65 % almost same (Fig 3.28) 
During heating and plasma 
 RSSI= -70 to -85 (dBm)  
 Therotical (equation) : quality  Q= 30 % (Eq 3.1)  
 Practically: Q =25 % almost close (Fig 3.28) 
 
Figure 3. 29   Transmitted & received packets during the heating test and plasma flow 
3.6.2.3 Current Noise Plot 
The Fig 3.30 illustrates the current noise of the wireless device before the heating test and 
plasma flow of the heated gases.  
Before the heating test and plasma flow, CH12: current noise reach max value -70dBm 
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Figure 3. 30   Current noise before the heating test 
The Fig 3.31 illustrates the current noise of the wireless device during the heating test and 
plasma flow of the heated gases.  
During the heating test and plasma flow, CH12: current noise reach max value -95dBm, means 
with very high noise signal, the RF blackout can ensued. 
 
Figure 3. 31   Current noise during the heating test 
3.7 Measurements of I-V current Voltage Characteristics 
For solving problem of re-entry space probe, numerous methodologies were established to 
determine the temperature of body, the superficial temperature affected by chemical ablation. 
Aerodynamic heating test defines a very significant part in the space probe design [3.17]. Using 
a proficient thermal protection system (TPS) made by LATS materials [3.19], is important not 
only for protecting the probe from several heat fluxes during re-entry, but also for estimating 
the electron plasma densities or to measure the current-voltage characteristics by sweeping the 
potential that generated from Source Meter Unit. The plasma wind tunnel used for: 
 To study the thermal performances of the specimen’s LATS material (CFRP) for 
several heat fluxes3). 
 Development and qualification of re-entry measurement devices (SLP, 
Transceiver…etc.). 
 To measure the IV characteristics of the electrostatic single Langmuir probe. 
By reporting the I-V current-voltage characteristics or current density-time expansions [3.20], 
the numerous factors of the plasma such as plasma potential, pressure, temperature and density 
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of ablative material, flow direction, plasma velocity or ion-electron temperature can be 
determined at the position of SLP. 
Once moving the SLP into a plasma expected to be quasi-neutral, a negative charge particles 
of the SLP takes place across from the surrounding plasma. This phenomena caused by the 
higher thermal mobility of electrons [3.20]. 
In this section several measured data of the tests at Japan Aerospace Exploration 
Agency/Institute of Space and Aeronautical Sciences (JAXA/ISAS) [3.22] are done to measure 
some parameters as surface temperature, in-depth temperature of specimen mode of the 
material used to prove that it has good properties for thermal protection for re-entry space probe. 
Moreover, the temperature of transceiver and temperature of SLP are measured. By applying 
external voltage for 100V and 300V between the SLP electrode and a reference electrode in 
contact with the plasma, the measured data are defined to plot the current-voltage 
characteristics by varying the time for different runs. 
3.7.1 Method and Experiment 
This part defined two purposes, the first one is a study about validation of ablative materials 
made by CFRP that described in previous section. The specimen model equipped with 
transmitter (TX) and designed by CAD software. The test piece (29 mm of diameter) is covered 
with a Bakelite sleeve (2.5mm of thickness). The thermocouples (TCs) were installed for 
measuring in-depth temperatures and temperatures of other devices as SLP, TX, antenna during 
the test. The heat flux (2 MW/m2) is measured using a Gardon Gage, which is an infrared 
pyrometer that distinguishes the infrared radioactivity from the shallow of the material. 
The second approach is to use electrostatic single probe to calculate the IV characteristics 
during the heating test when the plasma flow occurred. The typical single probe [3.20-21]for 
current voltage characteristics is illustrated in Fig 3.32. By generating outer voltage for 100V 
and 300V to the SLP electrode from SMU during the heating test, the entire current to the probe 
consists of the ion current and electron current components. The SLP potential is varied with 
respect to the surrounding plasma and therefore the thickness of the space charge is changed.   
   
(a) 
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(b) 
Figure 3. 32   Schematic of SLP. (a) SLP I-V characteristics. (b) SLP used for the test 
The SLP characteristic curve can be divided into different zones. 
 Zone A: ions saturation  
 Zone B: transition region 
 Zone C: electrons saturation 
The conceptual block diagram is defined in the Fig 3.33, presents the assembly and instalment 
of tools before running the experiment and Fig 3.34 shows the position of each device in 
vacuum chamber. 
 
 
Figure 3. 33   Schematic of the experiment  
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Figure 3. 34   Image of schematic experiment before the heating 
3.7.2 Discussion and Results 
The results of the temperature devices and in depth-temperature (TC1_10mm, TC2_20mm 
inside the ablator) dependent the time are clarified in the Fig 3.35 and Fig 3.36. The surface 
temperature reach maximum value about 1900 degree Celsius. The temperature of SLP reach 
value about 300 degree Celsius, means electrode have a good conductive material and can work 
with high temperature. In case of TX was sending the data to RX until reach the temperature 
200 degree Celsius, after that communication blackout occurred because of the plasma sheath. 
For the temperature data of receiver (RX) were incorrect because the TC was damage or moved 
from the correct position. 
 
 
Figure 3. 35   Plot of temperature versus time 
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Figure 3. 36   Plot of temperature versus time for communication specimen 
The results of current-voltage characteristics of the test performed at JAXA/ISAS are described 
in the Fig 3.37 and Fig 3.38 for several sweep voltages (100V and 300V). The Fig 3.39 and 
Fig 3.40 are displayed the current-voltage characteristics data for several runs. 
 
Figure 3. 37   IV Plot versus time for one run (100V) 
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Figure 3. 38   IV Plot versus time for one run (300V) 
 
Figure 3. 39   IV characteristics plot for 4 runs (100V, 150 samples) 
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Figure 3. 40   IV characteristics plot for 4 runs (300V, 150 samples) 
Once the bias voltage increases the current density increases also, means more of concentration 
of electrons and ions in regions A, C. For huge negative probe voltages all electrons are dropped 
by the electrode; alone ions are harassed by the SLP ensuing in an ion-current concentration. 
For lower negative SLP voltages in the electron shelving area of the SLP characteristics, a 
cumulative volume of electrons donates to the net current harassed by the SLP although the ion 
current particle declines. In area B, the ions particle are precluded and only electrons subsidise 
to the probe current. Saturation is reached due to the electron mobility more electrons can no 
longer be supplied from the plasma. For 100V the current density moved fast because of the 
plasma flow was narrow. When bias voltage increased to the 300V, the plasma flow became 
wide.  
More experiments were conducted to define the current-voltage characteristics very clear in 
different positions of SLP to see how the plasma flow variation in arc heating chamber of ISAS 
are illustrated in Fig .41 and Fig 3.42.    
 
Figure 3. 41   IV Plot versus time in the middle and end of plasma flow (100V) 
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Figure 3. 42   IV Plot versus time in the middle and end of plasma flow (300V) 
This section conclude that numerous heating tests were achieved using the plasma wind tunnel 
tools at facilities in Japan. Depend on the outcomes of the experiments, it can be achieved that 
the LATS material made by CFRP can be adopted as a heat shield material for re-entry space 
probe. 
This topic accomplish the estimation of the current-voltage characteristics for several bias 
voltages for first time in ISAS facility. By applying a Maxwell law distribution function, the 
electron temperature, can be calculated by drawing the grade of the logarithmic electron current 
in the delaying region using above IV figures. The temperature of electron and electron plasma 
density are computed in the Table 3.6. 
Table 3. 6   Plasma density and electron temperature results of the computed IV 
characteristics 
Results 
 
Bias voltage (100V) Bias voltage (300V) 
Electron Temperature 
 (eV) 
3.08 3.00 
Electron density  
(m−3) 
1.02 × 1014 1.55× 1012 
Electron Current Saturation 
(A) 
1× 10−1 1.5× 10−3 
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3.8 Conclusions & Recommendations 
 
A new method of this study has been developed and it consists in using ablative materials in 
high temperature conditions. Also is the first test executed to achieve the end of radio signal 
during re-entry phase through the LATS materials developed at Okuyama laboratory. The 
results proved that the ablator materials with high density (0.7 g/cm3) used for Com models 
have a good performances to protect the device (TX) used for the test placed in wake region. 
Having high density ablative materials means to have lower temperature and lower mass 
recession. For the upcoming tests, it is better to increase the density value to 1.5 g/cm3. 
 
To reach a good result in future, it is better to apply the same method for communicating with 
spacecraft by adding the magnet field with high intensity between the ablator model and 
transmitter to reduce the plasma density of vacuum chamber, because the impact pressure was 
high about 13Torr (1734 Pascal). The new mitigation technique permits to receive more 
packets during the RF blackout communication (good quality of signal) and to test other types 
of the ablator materials as Phenolic Impregnated Carbon Ablator PICA made by National 
Aeronautics and Space Administration (NASA) or hybrid LATS with high density. The method 
will be applied to innovative thermal protection system in course of improvement to design 
aero-thermal and to solve the RF blackout re-entry tests in plasma wind tunnel facilities. 
This section concludes also that numerous heating tests were achieved using the plasma wind 
tunnel tools at facilities in Japan. Depend on the outcomes of the experiments, it can be 
achieved that the LATS material made by CFRP can be placed as a heat shield material for re-
entry space probe. This topic accomplish the estimation of the current-voltage characteristics 
for several bias voltages for first time in ISAS facility. To conclude the section, the experiments 
were illustrated in last aspect, to compute the temperature of electron and electron plasma 
density, the calculations were conducted to use in next chapter for estimate the plasma 
frequency during re-entry of space probe. 
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Chapter IV 
Study of Communication Blackout for Space Probe Re-
entry 
 
During the re-entry flight, the radio signal will be interrupted, which is commonly referred to 
as the communications blackout [4.8]. Once the plasma sheath forms in the stagnation region 
of a small space probe, the probe losses more than 70 percent of its downlink data. This shows 
that the attenuation of the radio signal is very high during the re-entry [4.1].  When the probe 
enters the Earth’s atmosphere, the high velocity, high surface temperature and high plasma 
frequency cause a shock wave layer, which is the main cause of radio blackout [4.2]. For other 
reason, the completely reflection of the electromagnetic wave at all communication lines. This 
study describes the theoretical and numerical study of radio communication during re-entry. 
This chapter described an approach to end radio signal blackout occurring in the wake region 
[4.3] and how to exactly solve the radio blackout problem using new methods as injection of 
coolants, the aerodynamic shaping reducing the concentration of electrons, using transceiver 
with high operating frequency or interaction of Static Magnetic Field (SMF). ISAS 
measurements and data from OREX probe are used to prove the solution to the Radio 
Frequency (RF) blackout problem [4.8].  
 
This study addressed several aims: an overview with simulations of typical re-entry probe data, 
OREX probe data were compared with ISAS measurements. The second goal is methodology 
and numerical simulations of effect of the plasma sheath when it is occurred in stagnation area 
dependent of the collision frequency and the operation frequency for the propagate signal wave. 
The third aim is to estimate the attenuation signal during re-entry by varying the allocation 
frequency and see how the reflection signal in plasma shock. The latest aspect is use one those 
solutions defined above to reduce the attenuation signal and depletion in plasma density by 
using modelling mathematic by respecting the plasma laws and several approaches proved in 
previous studies. At the end to conclude, the significance of the used Static Magnetic Field 
SMF method [4.4-8] is established to see how the windows will be opened to be easy for signal 
to penetrate the plasma sheath and how much threshold value strength of the magnet used 
during the communication blackout and to figure out the reduction in plasma attenuation. 
 
4.1 Radio Frequency Blackout 
Radio Cut-Off is precipitated when signal transmission waves used for communication, 
housekeeping HK data (telemetry), voice communication, GNSS navigation and broadcasting 
are dissipated or reflected by the high value of the electrons plasma density accumulated in 
plasma sheath surrounding the space probe during earth atmospheric re-entry. Numerous 
spacecraft’s or space vehicles as Orbital Re-entry Experiments Vehicle (OREX) space probe 
[4.8], was launched in February 1994 using an H-II rocket that lifted off from the Tanegashima 
Space Centre in Japan [4.5], and later re-entered the Earth’s atmosphere. Re-entry is a critical 
epoch when all communications between the space probe and ground stations could not be 
established. This occurred because of several factors such as high heat flux, high speed, and 
high in-depth temperature and the plasma sheath forming during re-entry [4.8]; this 
phenomenon is usually known as a communication blackout or RF Blackout. 
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The re-entry blackout bricks the transmission data for a few minutes, as Apollo Re-entry 
Trajectory ART: about 4 minutes radio blackout, Soyuz TMA (Transport Modified 
Anthropometric): 10 minutes of radio blackout and RAM-C about 0.5 minute. It’s refers to a 
communication interruption also for a few seconds like Mars Pathfinder probe: about 30 
seconds. 
During past 60 years ago, NASA led frequent tests relating to the planetary atmospheric re-
entry as the Pathfinder probe, was entered to the atmosphere of Mars on 1997 with a speed of 
7.3 km/s [4.3]. Whereas the Apollo Re-entry Trajectory, the interaction of the abundant 
velocity dulled capsule with the re-entry phase produced RF Cut-Off problem from 4 to 10 
minutes via operating frequency 2.4 GHz. Some ancient researchers like M. G. Dunn correlated 
expected and measured RF blackout boundaries conditions of the velocity and pressure. 
Demonstration the feasibility of Space Probe as a Re-entry Platform is divided in several phases 
as note in Fig 4.1. So to avoid incompletely the communication blackout, NASA’s Tracking 
Data Relay Satellite (TDRS) system was used to solve this problem, then even this method by 
using TDRS is not universal solution. The clarifications of above figure is defined as following: 
 Phase0: orbit injection start from 350 Km of altitude 
 Phase1: Antenna deployment from 350 Km to 300 Km 
 Phase2: Aero stabilisation system to communicate with relay satellite  
 Phase3: Called re-entry, is the most critical phase when the attenuation signal is 
interjected (RF blackout vary from 15 to 20 minutes) 
 Phase4: landing stage of the probe (downlink data) 
 
 
Figure 4. 1   2D plot for Space probe re-entry platform  
 
 72 
 
4.1.1 Origin of RF Cut-Off 
During the descent of the space probe into in the planetary atmosphere, a plasma layer created 
in stagnation region of the probe. Once high operation frequency radio waves pass through the 
Earth's atmosphere, the signals also experiences attenuation and phase reflection of the 
propagating wave. The signal degradation mostly takes place in the lower part of plasma 
formation [4.8]. The space probe was exposed to this shock because its velocity was much 
larger than the speed of sound, thus a shock layer formed in the front of the probe. The plasma 
flow shaped from thermal ionization of the gas as it is compressed and heated within the 
boundary of the surface temperature or wall temperature. Because the electron plasma density 
surrounding the probe is very high, communications are sporadic during the entry phase 
defined as radio frequency RF cut-off [4.6-8] shown in Fig 4.2. 
 
Figure 4. 2   Scheme of space probe re-entry 
The attenuation signal for allocation frequencies that under the plasma frequency [4.9] and will 
be natural for frequencies that lie over the perilous angular plasma. Once the electron plasma 
density of the plasma level around the probe surpasses the radio operating frequency, the 
communication blackout ensued.  
 
Plasma Frequency > Operation Frequency 
 
A typically probe re-entry of Fig 4.3, showing the communication blackout area dependent of 
re-entry time (time before touchdown) [4.7-8]. The curve presents the 2D plot with 3 axis 
(altitude, time and velocity) for re-entry boundary conditions. The most severe parameters 
during re-entry from (80 km to 10 km) are: the heat flux, is higher than 2 MW/m2, for example 
for OREX probe, the heat flux was about 3.3 MW/m2, the other parameter is high velocity that 
reach maximum value 7.8 km/s, and the in-depth temperature of probe. The RF blackout is 
ensued in black area, the radio blackout time was about 13 minutes. 
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 Blue line: Altitude (Km) 
 Red Line: Velocity (Km/s) 
 Black area: RF blackout period 
 
 
Figure 4. 3   Typical space probe RF blackout re-entry 
4.1.2 Significance of Resolving the RF Blackout 
Once probe arrives the radio blackout phase, it mislays all communication including VHF/UHF 
bands, GPS signals, Housekeeping data, and voice communication [4.9]. Blackout happens 
when the propagate waves used for broadcasting are diminished or reflected by the plasma 
sheath [4.8]. This debt is perilous for the space probe receive no control and no direction for 
the trajectory information. During the time before touchdown (RF blackout), the probe miss 
many telemetry data that will used as main operation of the spacecraft to reach the goal of 
mission (RF blackout means no analysed data), also can afford a damage or catastrophe when 
it voyages hundreds of kilometres as illustrated in Fig 4.4. In case of the space shuttle Columbia 
casualty when it missed the HK data prior to breakdown owed transmission signal blackout 
[4.9]. In case of geometry OREX probe which has a shape axisymmetric, it is comprised a 
spherical muzzle radius about 1.35 meter, cone and circular shoulder, implemented to achieve 
the numerous aspects defined as following [4.10]: 
 
 To measure the heat flux and wall temperature of the heat shield probe made by Carbon 
Carbon Reinforced CCR materials.  
 Aerodynamic shaping amid re-entry 
 Phenomena of RF blackout via radio waves VHF/UHF, GPS 
 Guidance and navigation using GPS receiver with intermediate frequency (1575.42 
MHz) 
 
The Fig 4.5 presents 2D plots of altitude versus velocity, it defines also the time history of 
radio blackout of OREX probe via various allocations frequency bands (VHF/UHF) and GPS 
positioning. The probe has experienced communication shutdown at approximately from 90 
km to 50 km (7.5km/s to 4km/s). The blue circle mentions the VHF-high region, means the 
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fastest case of blackout illustrated in Fig 4.5 (a), in case of Fig 4.5 (b) remarks the same region 
for RF Cut-Off via GPS receiver at central frequency 1575.42 MHz, and means the low region 
is latest case.  
 
(a) 
 
(b) 
Figure 4. 4   The recovered debris of Shuttle Columbia (a) Disaster event. (b). Debris field 
[4.12] 
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(a) 
                            
(b) 
Figure 4. 5   The OREX probe re-entry trajectory, (a) VHF Signal. (b) GPS signal [4.10] 
Since rare serious tragedies have ensued as outcome of radio blackout. However, to solve the 
communication blackout especially for losses of HK data and itinerary of probe and to certify 
the space probe welfare, it is better to apply several approaches or solutions to reduce the radio 
blackout time completely. For OREX probe to manipulate the plasma in stagnation point, the 
technique of ExB Electromagnetic mitigation method for plasma layer was developed to 
decrease the electrons plasma density.  
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4.2 Space Probe Re-entry  
4.2.1 Re-entry Simulations 
When a space probe such as OREX or the space shuttle leaves orbit and re-enters to the 
atmosphere [4.8], it typically travels to a landing site. In this section, a brief explanation and 
simulations using OREX data noted in Table 4.1 and measured data at Japan Aerospace 
Exploration Agency/Institute of Space and Aeronautical Sciences (JAXA/ISAS) for re-entry 
blackout using LATS [4.11] material as thermal shield, are used to demonstrate the re-entry 
phase by testing a specimen model made by CFRTP in Arc wind tunnel chamber illustrated in 
Fig 4.6. In low altitude orbit of the space probe or alike vehicle is travelling at high velocity 
about 7.8 (km/s). During this phase, the electron density is very high and forms a plasma sheath. 
The 2D plot of Fig 4.7 clarifies the relationship between the variation of plasma density, 
velocity and altitude for typical re-entry probe. The velocity fluctuates little due to an exchange 
of gravitational potential energy [4.8]. At nearby 100 km altitude, the atmospheric drag 
increases and the resulting heat flux (more than 3MW/m2 for OREX) increases such as the 
energy is swapped to thermal energy providing the plasma flow in the thermal shield of probe. 
The 2D plots in 3 axis of Fig 4.8 and Fig 4.9 illustrate the relationship between the variation of 
velocity, pressure and altitude [4.8-12].  
Table 4. 1   OREX data [4. 9-10] 
Surface 
Temperature (K) 
In-Depth 
Temperature (K) 
Pressure (Pa) Speed (km/s) Altitude (km) 
492 188.7 0.163 7.4541 92.82 
587 188.9 0.594 7.4159 84.01 
690 198.64 1.52 7.3602 79.9 
1078 214.98 4.023 7.0492 71.73 
1251 225.99 7.892 6.7203 67.6 
1413 237.14 14.02 6.2234 63.6 
1519 248.12 23.6 5.5616 59.6 
1571 258.74 39.48 4.7591 55.74 
1557 268.2 63.48 3.8734 51.99 
1501 270.65 98.5 3 48.4 
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(a) 
 
(b) 
Figure 4. 6   Specimen model in ISAS-arc heat chamber. (a) Placement of Specimen. (b) 
Specimen during the run 
 
Figure 4. 7   Plot of variation of velocity in function the electrons density 
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Figure 4. 8   Variation of velocity and the pressure in function of the altitude for OREX probe 
 
Figure 4. 9   Variation of velocity and pressure in function of the altitude for ISAS test 
The Fig 4.9 shows the variation of surface temperature (wall temperature) of OREX probe in 
function of orbit altitude during the re-entry [4.8]. 
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Figure 4. 10   Variation of temperature in function the altitude for OREX probe 
4.2.2 Interpretation of Results 
The above plots define a comparison between the OREX probe data and analysed measured 
data of ISAS. In arc heat chamber, the specimen model made by LATS material was tested in 
high enthalpy, means with high various heat fluxes from 2 MW/m2 to 10MW/m2 comparing 
with heat flux of OREX, and was about 3.3MW/m2. The results show the different in the 
pressure data of the heated gas. For ISAS thermal shield the maximum pressure is 200 Pa and 
OREX pressure was maximum about100 Pa. The motive for this differences is ensued, because 
the chemical composition of the free air gas of OREX probe is assumed to be 79% N2 and 21% 
O2.  In case of ISAS sample model, the chemical composition is considered as densities of gas 
as N2 (40L/min) and O2 (36L/min) before the heating. 
Orderly to preclude the lateral flanks of the ablator specimen (density of material 0.67 g/cc) 
against the high heat [4.32], the test piece is covered with a Bakelite sleeve (2.5 mm of 
thickness) displayed in Fig 4.11. The thermocouples were mounted for determining the in-
depth temperatures during the test, in the direction of the heat flow 
 TC1: 10 mm 
 TC2: 20 mm 
 
Figure 4. 11   Specimen model [4.13] 
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The heat flux and temperature data versus time of sample model tested in ISAS chamber 
showed in Fig 4.12, was compared with the wall temperature of OREX displayed in Fig 4.10. 
 
(a) 
 
(b) [4.10] 
Figure 4. 12   Plot of surface temperature and in-depth temperature for TPS materials. (a) 
ISAS temperature. (b) OREX temperature from 63.60 km to 51.99 km 
The goal of the arc heating tests to achieve and evaluate the performance of the ultra-
lightweight ablator. The surface temperature or wall temperature of ISAS test reached 
maximum value 1950 degree Celsius with heat flux more than 1 MW/m2 and heating time 60 
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seconds. In case of OREX probe, the surface temperature grasped the value 1600 degree 
Celsius in re-entry conditions. 
The facts comparison results of ISAS heating test during the plasma flow (surface temperature 
and depth temperature) for re-entry condition with the simulated OREX results (Surface 
temperature Ts and internal temperature Tinf) [4.10] are defined above in Fig 4.12 (a,b) 
4.3 Methodology & Solution  
4.3.1 Plasma Sheath and Propagation Link 
Once the plasma sheath occurred in stagnation region of the space probe showed in Fig 4.2. A 
major outcome of electrons and ions density in the plasma are to allow the absorption of kinetic 
energy from the electromagnetic wave [4.8]. When the shock layer is occurred, the charged 
particles conserve a stability due to their electrostatic movement. So if particles travels aside 
from its balance location, an electric field is shaped producing the electron to be collided near 
the ions [4.33]. As electron voyages near ions, it transfers afar its equilibrium location [4.14]. 
When the uniform plane of radio waves transmit over a dielectric scattering, is assumed by the 
equation (Eq 4.1)   
𝑘 = 
2𝜋𝑓𝑜𝑝𝑒
𝑐
 √𝜀           Eq (4.1) 
Where 𝑤 = 2𝜋𝑓𝑜𝑝𝑒  is the angular frequency, c is the speed of light and 𝜀 is the dielectric 
constant. While the cold homogeneous plane of radio frequency for isotropic plasma [4.15], 
the dielectric dependent to plasma frequency and operating frequency is given by: 
𝑓𝑝 = 𝑓𝑜𝑝𝑒  (1 − 𝜀)
1
2           Eq (4.2) 
When the plasma sheath ensued, the dielectric scattering, is derived as: 
𝑘2
𝑐2
= 9.86 (𝑓𝑜𝑝𝑒
2  −  𝑓𝑝
2)          Eq (4.3) 
4.3.2 Plasma Frequency 
During re-entry phase, the plasma sheath performs in some situations as a structure of couple 
oscillators. The oscillating frequency is recognised as plasma frequency or plasma resonant 
frequency for simple period harmonic motion (𝑤𝑝). In condition of electrons (ions particles 
neglected) it is termed as electron plasma frequency and is given in radians as [4.33] 
𝑓𝑝 =  
1
2𝜋
(
𝑁𝑒𝑞𝑒
2
£ 𝑀𝑒
)
1
2
            Eq (4.4) 
 𝑓𝑝: plasma frequency (GHz) 
𝑁𝑒: electron number density (𝑚
−3) 
𝑞𝑒: elementary charge = 1.6 x 10
−19 coulombs 
𝑀𝑒: mass of electron = 9.1 x 10
−31 kg 
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£: permittivity = 8.85 x 10−12 F/𝑚2 
The angular plasma is the means of the specified electron plasma density, also is a measure of 
the length of time required for charged particles moving in the thermal shield.  
By expanding the constants, the plasma frequency can be written as: 
𝑓𝑝 =  9 × 10
−6 (𝑁𝑒)
1
2           Eq (4.5) 
4.3.3 Collision Frequency  
Once the electrons undulations were raised in the plasma sheath, an electron and ion of plasma 
flow can collide through several unbiased particles. This frequency known as collision 
frequency (𝐶𝑜𝑙𝑙𝑓), is the amount of collided particles per second that the electrons across with 
other sorts in the plasma [4.8]. Therefore there are many types of charged particles collision in 
a plasma field for the elastic and inelastic crashes (electron-electron collisions, ion-electron 
collisions or electron neutral collisions). Hence, this collisions process is suitably labelled by 
the concept of the cross section and would determine the amount in dB/m (Neper/m) of 
attenuation signal. Once the frequency of operation was higher than the plasma frequency [4.8]. 
The collision plasma can be dependent by surface temperature (𝑇) and pressure (𝑃) in specific 
point of stagnation point, using the basic laws of the plasma conductivity [4.8-16]. The 
collision plasma is written as: 
 
𝐶𝑜𝑙𝑙𝑓 =
58.2 × 1011 𝑃
√𝑇
               Eq (4.6) 
Where T is the temperature (K) and p is the pressure (atmosphere) and collision frequency 
(𝐶𝑜𝑙𝑙𝑓) expressed in Hz. 
4.3.4 Simulations 
Some numerical simulations are conducted to plot the mesh grid function of collision frequency 
dependent to the pressure of the gases heated during the re-entry phase and to the surface 
temperature or wall temperature occurred in corner of the thermal shield of the space probe. 
The 3D plot displays the variation of collide charged particles or cross section of the measured 
data of ISAS comparing with the collision frequency of the OREX probe and typical re-entry 
probe. 
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Figure 4. 13   Collision Plasma for typical probe 
 
 
Figure 4. 14   Collision Plasma for ISAS probe 
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Figure 4. 15   Collision Plasma for OREX probe 
As conclusion, the results prove that if the collision frequency less the plasma frequency (𝐶𝑜𝑙𝑙𝑓 
neglected) with low pressure of the heated of air gas, the attenuation signal of the propagate 
radio wave became zero, means the communication can be established. On the other hand, if 
the cross section is bigger or more collide of electrons and ions in the plasma sheath, means 
the attenuation became higher, at that time the communication disturbed. In case of the Fig 
4.12, the collision frequency reached maximum value 4 x 1011  Hz and also the wall 
temperature displayed big value 10000 kelvin, because when the typical probe was enter to the 
earth atmosphere, the probe affected by high enthalpy with high heat flux. 
4.4 Attenuation Signal of the Propagation Wave 
4.4.1 Frequency Allocations for Communication 
The electromagnetic waves is an amount of radio spectrum on telecommunication system, is 
also like range of frequency used for several applications as wireless communications, 
broadcasting TV (DVB-S2, DVB-RCS), voice communication (GSM, GPRS), amateur radio 
bands for satellite, relay satellite TDRSS and satellite constellations as GPS navigation, Galileo 
[4.17-18]. For the small nanosatellites were developed in Kyushu Institute of Technology as 
Shinen2, Horyu 4 commonly used the bands VHF (Very High Frequency)/UHF (Ultra High 
Frequency) and S-band frequency. In case of using microsatellite for remote sensing, the 
preferred bands X band and S band. For the high frequency as Ku and Ka bands used for big 
satellite as relay. The following Table 4.2 summarizes the approximate frequencies or range of 
frequencies used. 
Table 4. 2   Radio waves band and their services 
Applications Band nomination  Frequency (GHz) 
Voice Communication, GSM VHF 0.03 to 0.3 
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Housekeeping data Downlink 
Telemetry 
UHF 0.3 to 3 
GPS Positioning, GNSS L - band 1 to 2 
TDRS, telemetry  S - band 2 to 4 
Remote Sensing X - band 8 to 12  
Satellite communication , 
Relay Satellite 
Ku – band 12 to 18 
Radar, Constellation Ka - band 26 to 40 
 
When the frequency of operation used for the space probe is less than the plasma frequency. 
The RF signal endures from the total reflection or the absolute attenuation because of the larger 
value of the electron plasma density dependent to the angular plasma 𝑤𝑝, this phenomena 
produces the RF Cut-Off problem during the re-entry phase (communication blackout). In other 
hand while the plasma frequency under the operating frequency, so the communication can be 
established who restrict less plasma density and less collision frequency. The critical frequency  
[4.9] can be induct for which communications will be interjected when that critical number 
density is limited when the  𝑤𝑝 =  𝑤𝑜𝑝𝑒 (perilous plasma density). 
By simplifying the Eq 4.5 for the critical value of the electron density: 
𝑓𝑝 = 𝑓𝑜𝑝𝑒           Eq (4.7)  
The equation is assumed as:  
𝑁𝑒_𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 = (
𝑓𝑜𝑝𝑒
9
)
2
           Eq (4.8) 
4.4.2 Attenuation & Phase of Electromagnetic Propagation Wave 
4.4.2.1 Attenuation Coefficient 
The attenuation coefficient is a drop of signal strength during the communication re-entry or 
communication blackout, such as sending possessed housekeeping data. So the signal 
attenuated can be expressed in decibels (dB/m) or (Neper/m). For example, if the level power 
transmitted is about 30 mW of transceiver to 10 mW of receiving power (link budget), the 
attenuation can be calculated by decibels subtract of the two values, the calculated value is 4.77 
dB. Subsequently, positive attenuation motives signals to become doubtful when crossed the 
plasma flow during re-entry phase [4.19].  
4.4.2.2 Phase Shift Coefficient 
The phase shift coefficient is known as refraction signal or RF reflected signal is occurred when 
the propagate wave changes the speed in atmosphere area. The RF signal refraction is usually 
the result of a transformation in atmospheric conditions, this issue called RF Cut-Off [4.19]. 
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Figure 4. 16   Scheme for the RF signal Cut-Off in plasma field 
4.4.2.3 Attenuation Waves in Plasma Flow 
The RF blackout communication caused by the effects of charged particles in the surrounding 
plasma on a space probe re-entry will attenuate any transmission wave by reflection and 
absorption of electromagnetic waves. The charged particles (electrons) are the core suppliers 
to reflect the RF signal in the shield of probe. The wave propagation coefficients (real and 
imaginary) were expressed by wave quantity of free space (speed of light) [4.8], collision 
frequency, plasma frequency and operating frequency(𝑓𝑜𝑝𝑒) of the plasma flow. Table 4.3 
describes the critical electron densities for space probe re-entry based on the frequency 
allocations [4.8-20]. 
Table 4. 3   Critical values of electrons densities  
 
Plasma Densities (m−3) Operating Frequency (GHz) Frequency Allocations Band 
2.59 × 1014 0.145 Very High Frequency VHF 
2.36 × 1015 0.437 Ultra-High Frequency UHF 
3.06 × 1016 1.575 
 
L1 GPS positioning 
 
7.11 × 1016 
 
2.4 S-band 
8.30 × 1017 
 
8.2 X-band 
1,77 × 1018 
 
12 Ku band 
1.28 × 1019 
 
32.2 Ka band 
 
During the plasma flow, the attenuation signal(𝑥) can be derived by the collision frequency 
(𝐶𝑜𝑙𝑙𝑓) and electron plasma density in the following equation [4.20]: 
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𝑥 =  
𝑁𝑒𝑞𝑒
2 𝐶𝑜𝑙𝑙𝑓
4𝜋£ 𝑀𝑒𝜇𝑐 𝑓𝑜𝑝𝑒+ 𝐶𝑜𝑙𝑙𝑓
2   Neper/m           Eq (4.9) 
 
Where: (1 Neper/m = 8.65 dB/m), the attenuation can be also expressed in decibels. 
Wherever, the (𝜇) is the deflection index (refractive parameter), is assumed in term of the 
fraction of plasma frequency, operating frequency (
𝑓𝑝
𝑓𝑜𝑝𝑒
), and the fraction amid the plasma 
frequency and collision frequency (
𝐶𝑜𝑙𝑙𝑓
𝑓𝑜𝑝𝑒
). For various value of index, the Fig 4.17 displayed 
the 2D plot of the two ratio dependent to reflectance index described in the text. 
 
Figure 4. 17   The deflection index in function ( 𝐶𝑜𝑙𝑙𝑓 , 𝑓𝑜𝑝𝑒 , 𝑓𝑝)   
When the constant parameters (speed of light, index, permittivity, mass and elementary of 
electron) are clarified, the signal attenuation defined in Eq 4.9 can be derived as: 
 
𝑥 =  2.1 ×  10−8 (80.26. 𝑁𝑒 −  𝑓𝑜𝑝𝑒)
1
2    Neper/m           Eq (4.10) 
 
The Fig 4.18 shows the 2D plot of attenuation signal versus the electron plasma density, as can 
be gotten, the parameter (𝑥) rises briskly as the electron density grows and grasped to the 
neutral point.  
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Figure 4. 18   Attenuation coefficient vs plasma density for different allocations frequency 
[4.9] 
4.5 Finite Difference Time Domain Technique FDTD 
4.5.1 Modelling Mathematic for RF Electromagnetic Waves 
Several techniques were used in the past as integration of electromagnetic field with plasma 
sheath. This method was applied in this paper [4.8].  Therefore, the plasma frequency is 
determined by the electrical conductivities and dielectric constant deviate atop the frequency 
allocations. The electromagnetic wave is propagated in wake region can be specified by 
attenuation (𝑥) and phase (𝑦) coefficients defined in a complex formula as follow [4.8-22]: 
 
𝛿 = 𝑥 − 𝑗𝑦            Eq (4.11) 
 
Where 𝛿  is the complex propagating wave (the complex relative permittivity) [4.8]. The 
relative permittivity (𝜀𝑝) and dielectric conductivity (𝜀𝑑) of the complex number are given (Eq 
4.12) and (Eq 4.13). Those parameters are simplified via the function (∅) as follow: 
 
𝑥 = ∅ [𝜀𝑝 , 𝜀𝑑 ,𝑘]            Eq (4.12)                 
 
𝑦 = ∅ [𝜀𝑝 , 𝜀𝑑 ,𝑘]            Eq (4.13) 
 
Suppose: 𝑓 =  𝑓𝑜𝑝𝑒 
Where: 𝑘 = 𝑤/𝑐, (𝑘) is related to the free space, (𝑤) is angular frequency. 
The variables (𝜀𝑝) and (𝜀𝑑) are dependent to plasma frequency and frequency range [4.8], are 
expressed as: 
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𝜀𝑝 = 1 − 
1
𝐴𝑙𝑝ℎ𝑎2+(
𝑓𝑜𝑝𝑒
𝑓𝑝
)
2             Eq (4.14) 
 
 
𝜀𝑑 =  
𝐴𝑙𝑝ℎ𝑎 × (
𝑓𝑝
𝑓𝑜𝑝𝑒
)
𝐴𝑙𝑝ℎ𝑎2+(
𝑓𝑜𝑝𝑒
𝑓𝑝
)
2             Eq (4.15) 
 
Where:  𝐴𝑙𝑝ℎ𝑎 =  
𝐶𝑜𝑙𝑙𝑓
𝑓𝑝
 is the ratio between the collision frequency and plasma frequency. 
If collision frequencies are neglected, the dielectric conductivity (𝜀𝑑) became zero, and the 
relative permittivity 𝜀𝑝 assumed as [4.8]: 
 
𝜀𝑝 = 1 − (
𝑓𝑝
𝑓𝑜𝑝𝑒
)
2
             Eq (4.16) 
 
The attenuation (Neper/m = 8.65dB/m) and phase shift (Deg/m = 180/pi dB/m) coefficients are 
written as follow: 
 
𝑥2 =
𝐾2
2
 [(𝜀𝑝
2 + 𝜀𝑑
2 )
 
1
2  −  𝜀𝑝 ]             Eq (4.17) 
 
𝑦2 =
𝐾2
2
 [(𝜀𝑝
2 + 𝜀𝑑
2 )
 
1
2  +  𝜀𝑝 ]             Eq (4.18) 
 
In case of collision frequency [4.8-23] less plasma frequency (𝐶𝑜𝑙𝑙𝑓 neglected), the attenuation 
coefficient (𝑥) drops to zero and the phase coefficient (𝑦) is assumed to be: 
 
𝑦 =  𝐾 √1 − (
𝑓𝑝
𝑓𝑜𝑝𝑒
)
2
             Eq (4.19) 
4.5.2 Simulations and Results 
Various numerical simulations were conducted to prove the cause of the communication 
blackout in plasma sheath by using the FDTD concepts and plasma laws conductivity. The 
plots described the estimation of the attenuation signal versus the frequency of operation for 
different numerous electrons plasma densities (Ne =  1.28 × 10
19 and Ne =  8.30 × 10
17 (𝑚−3). 
 90 
 
4.5.2.1 Results for Plasma Frequency [𝐍𝐞 =   𝟏. 𝟐𝟖 × 𝟏𝟎
𝟏𝟗(𝒎−𝟑)]  
 
Figure 4. 19   Attenuation signal (Ne = 1.28 x 1019 (m-3)) 
 
Figure 4. 20   Phase shift (Ne = 1.28 x 1019 (m-3))  
4.5.2.2 Interpretation of Plots 
In the Fig 4.19 and Fig 4.21, the selected plasma frequencies are equal to Ka carrier frequency 
(32 GHz) and X carrier frequency (8.2 GHz) dependent to the electron densities values shown 
in Table 4.3 above. When the ratio (Alpha) increases (the attenuation higher) [4.8], the 
transmission signal is temporarily interrupted which is named RF blackout or RF Cut-Off. 
Therefore, for other case of the operating frequency is higher than plasma frequency (the ratio 
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Alpha lower), the transmission of waves can propagate through the plasma sheath. When the 
Alpha =1, the (Ne) known as critical density. The intersection point in the figures presents the 
threshold value of the frequency (plasma frequency identical to the frequency of operation), 
called as neutral or perilous point to know if communication re-entry can be established or not. 
4.5.2.3 Results for Plasma Frequency [𝑵𝒆 =   𝟖. 𝟑𝟎 × 𝟏𝟎
𝟏𝟏(𝒎−𝟑)]  
 
Figure 4. 21   Attenuation signal (Ne = 8.30 x 1017 (m-3))   
 
Figure 4. 22   Phase shift (Ne = 8.30 x 1017 (m-3))  
4.5.2.4 Interpretation of Plots 
In the Fig 4.20 and Fig 4.22, the selected plasma frequency values are the same as designated 
for attenuation curves [4.8]. Once the ratio (Alpha) decreases, the reflection coefficient reduces 
also (communication establsihed). When the operating frequency is higher then the plasma 
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frequency, the phase coeficient strictly became linear and independent to collision frequency 
[4.9]. 
 
4.5.2.5 Summary of Results 
As conclusion, Table 4.4 illustrates the description of the communication blackout during re-
entry. 
Table 4. 4   Description of RF blackout 
Frequency Range 
 
Clarifications 
𝑓𝑜𝑝𝑒 > 𝑓𝑝  
 
Communication established (RF signal across the plasma 
sheath) 
𝑓𝑜𝑝𝑒 = 𝑓𝑝 
 
Phase coefficient became zero (RF signal completely reflected) 
𝑓𝑜𝑝𝑒 < 𝑓𝑝 Communication blackout (no penetration of RF signal) 
 
4.5.2.6 Compared Results with Measured ISAS Data 
The Fig 4.23 illustrates the attenuation signal versus the frequency of operation without grid 
for Ka carrier frequency, is defined also the communication re-entry system when the space 
probe enters to the earth atmosphere and when the plasma sheath occurred. The Fig 4.24 shows 
the attenuation plot for the measured electron plasma density in ISAS when the calculated IV 
characteristic process was conducted before (explained in previous chapter). The measured 
plasma frequency of the ISAS chamber was about Ne= 1.02 × 10
14  to Ne= 1.5 × 10
16 𝑚−3. 
 
Figure 4. 23   Attenuation signal for Ka band showing the comunication re-entry stages    
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Figure 4. 24   Attenuation signal for the measured electron density in ISAS   
As conclusion, the value of electron density determined in ISAS related to the correct plasma 
frequency (1.15 GHz), was less than the working frequency of the transceiver (2.4 GHz) used 
for the test. Thus, it means the communication can be settled during the low enthalpy 
(maximum heat flux was: 2 MW/m2). When the plasma frequency larger than the measured 
one, in this case the plasma flow not occur too much in communication. So, the reason was the 
aerodynamic heating (transceiver was reached maximum temperature and in-depth temperature 
of specimen was higher). 
4.6 Preceding Techniques to Communicate With Probe during RF Cut-Off 
Since some years ago, numerous techniques were in development to resolve the RF 
communication blackout to during earth’s atmospheric re-entry. The recommended approaches 
are as follows [4.8]:  
 Using space probe transceiver with upper carrier frequency  
 Aerodynamic shaping method known as remote antenna assemblies  
 Raman scattering process (electromagnetic pump wave with high frequency) 
 Injection of quenchants (liquid/gas injection) 
 SMF windows (interaction of electromagnetic filed in the plasma sheath) 
 GPS signal tracking enhancement 
 
This chapter examines preceding processes for radio shutdown alleviation and classifies them 
in rapports of accurate space applications demonstration [4.24]. These approaches have been 
explained to examine one of those techniques defined above and to observe glitches of 
normal shockwave layer, plasma flow field (plasma sheath), vehicle heat transfer during re-
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entry wake region, stagnation region and radiative of the ablative material used in surface 
of space probe, as well as communications blackout. 
One of those methods is illustrated in this section, the static magnetic field window mitigation 
is conducted in this section to figure out the problem of communication re-entry and assessed 
in terms of realistic applications [4.8], means to achieve the minimum amount of plasma 
electron densities (lower attenuation in dB) dependent to the variation of magnetic field 
strength. Numerical simulation were conducted to estimate the plasma density and calculate 
the attenuation signal assigned in previous section using the new modelling system of SMF 
mode.  
4.6.1 Upper Frequency Communication 
Such as specified in previous part (IV.5), once the plasma frequency or electron plasma density 
is greater than the operating radio frequency, the attenuation signal grow into higher and 
blackout phenomena is produced. Hence, better to use transmitter for a space probe with upper 
radio frequency to escape the communication blackout. As defined in the Fig 4.19 the plasma 
frequency larger than 20 GHz, in this case, for this technique, the required device to be used, 
should have radio frequency more than plasma frequency [4.25]. So, the inconvenience of 
using this approach is may be difficult to align the space probe antenna towards the target, and 
also the cost and size of this transponder will be higher. The benefit of this system which was 
used to demonstrate the effectiveness of higher transmission frequencies in reducing blackout 
time and to operate at lower frequency as S-X bands. 
4.6.2 RAA Remote Antenna Assembly 
The remote antenna assembly is known as aerodynamic shaping method to reduce the 
communication blackout time. The most important is the angle of attack of the space probe. So, 
to control the plasma layer, a sharply pointed geometry will be bordered by thinner plasma 
thickness. The concept of this approach was developed by I.F. Belov [4.25] who have exposed 
an analysis and several experiments about aerodynamics to convince appropriately low electron 
density [4.1].  
 
Figure 4. 25   RAA for sharp slender probe [4.1]. 
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The RAA of sharp slender space probe displayed in Fig 4.25, presents the aerodynamic shaping 
technique. The space probe contains an antenna with sharp spike. When the probe enters to 
earth atmospheric, the antenna is positioned in front of stagnation region, means placed in the 
outdoor of the shock layer produced in probe. This method proved and can solve the RF 
blackout because the plasma sheath ensued is very narrow than the space probe. For example, 
as clarified by Schexnayder 1970 for RAM-C vehicle to avoid the higher ions electrons 
densities [4.26], the knife blade electrostatic rake of vehicle was constructed with an 
particularly sharp nose spike radius about 0.0254 cm. 
 
Figure 4. 26   Schematic of aerodynamic shaping probe 
The Fig 4.26 shows the shape of the space probe during re-entry, this technique have a good 
advantage to reduce the concentration of electron plasma because the corner of probe very 
pointing, so less plasma sheath surrounding the probe, means the palsma frequency can less 
than the frequency of operation. Hence, if the probe had spheical shape, the plasma sheath (no 
aerodynamic shaping) will surround at all surface of probe and it will be very hard to 
communication during this phase.   
4.6.3 GPS signal tracking enhancement 
In this section, the third solution can be applied to resolve the RF blackout. It’s called global 
positioning system reception enhancement. Usually, the antennas developed for GNSS 
applications for navigation of vehicles have immense angle of coverage with low radiation 
pattern (gain), the reason because of several satellites are in view of the GPS constellation (at 
least 4 satellites in view) [4.26]. During the plasma sheath, the probe suffers for the 
communication because of the high attenuation signal, in this case the received power relate to 
the signal noise ration during transmission abased by cause of the high plasma density, 
ionospheric and atmospheric loss and multipath. Therefore, to be more careful when tracking 
the housekeeping towards the ground station, it is better to fix the antenna in the other side of 
re-entry space probe, so the antenna should be located on the wake region, here may be decrease 
little the attenuation coefficient. To achieve a good margin link and low (
𝐶
𝑁0
), a Low Noise 
Amplifier LNA should be implemented to the system design. So, if the formed stream is very 
pointed to the space probe, can give a good position and attitude of the vehicle during re-entry. 
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4.6.4 Injection of Coolants 
This section describes also other method called injection of quenchants to reduce the electron 
plasma densities. About 50 years in the past, NASA has piloted a mission of Gemini 3 re-entry 
capsule to demonstrate this method, the space probe was operated by the two astronauts Russo 
and Schroeder on March 1965 [4.2]. This approach is known as injection of liquids and gases 
like chemicals particles as water or electrophiles. The Fig 4.27 illustrates a scheme of using 
this technique. 
 
Figure 4. 27   Graphic of injection coolants method 
Several experiments have been achieved with different liquids to regulate the efficiency of each 
fluid. Liquids like water (H2O), Sulphur hexafluoride (SF6), carbon tetrachloride (CCI4) are 
defined in above figure. The outcomes of Gemini capsule experiments displayed a good victory, 
by using low carrier frequencies VHF/UHF and S band during re-entry trajectory. When the 
plasma sheath ensued, the mitigation communication blackout for the handled mission of that 
capsule was the prosperous one by using the water injection system. Therefore, by applying 
this alleviation for any space probe enters to the earth atmosphere. Usually, the water injection 
is keeping cool plasma, means the heating in the wall surface decreases with low enthalpy that 
reduce the collision frequency and could be diminish also the attenuation signal.    
4.6.5 Raman Scattering Process 
This section defines an approach called Raman Scattering Process. [4.34] Communication 
through plasma sheaths via Raman process is based on using electromagnetic pump wave with 
high frequency on the space probe, means with operating frequency greater than plasma 
frequency, the communication can be established. The scattered stokes required to excite a 
molecule to a higher vibrational mode. This method was developed before by the Nazarenko 
[4.28]. 
4.6.6 SMF Window 
This section presents the used method in this dissertation to reduce the electron plasma density 
and to avoid the RF blackout during re-entry. This method called static magnetic field, has been 
suggested to create a window for transmission as showed in Fig 4.29. So, this window was 
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constructed when there is no diffusion of ions and electrons in on the surface plasma layer of 
space probe, means no contact between radio wave and electron plasma frequency. In 1960, 
some experiments were conducted by Russo and Hughes [4.9] to demonstrate the effect of 
electromagnetic field approach in plasma sheath. They explained to evade the 
communication blackout, the required of huge electromagnet should be mountain near to 
surface of space probe and with 0.75 Tesla using VHF carrier frequency as radio wave. 
However, for S band radio wave the required strength of the electromagnet is 1.3 Tesla who 
roved by Rawhouser.  
One of those methods is illustrated in this section [4.8], the SMF window mitigation is used in 
this paper to figure out the problem of communication re-entry and evaluated in terms of 
realistic applications, means to achieve the minimum amount of plasma electron densities 
(lower attenuation) dependent to variation of magnetic field strength [4.8]. 
 
4.7 SMF Mitigation Method 
4.7.1 Method Description 
This chapter presents the impact of static magnetic field on the wake region near to the antenna 
shown in Fig 4.29. The outcomes designate that the influence of the ion-electron recombination 
of the plasma density on the antenna performance can be reduced when the permanent magnet 
intensity increased [4.8]. This approach can solve this problem in a direction perpendicular to 
the incident of the propagating wave. In the schematic in Fig 4.28, the RF signal is reflected 
without implementing SMF. Hence, SMF integrated to the plasma wall, a window is created in 
this region allowed to establish RF transmission link at inferior frequency allocation bands 
[4.8]. 
 
 
 
Figure 4. 28   Schematic of re-entry probe showing the RF reflection 
 
 98 
 
 
 
Figure 4. 29   Schematic of SMF window 
 
Where B is magnetic field direction  
 
The complex number defined in Eq (4.11) of the magnetized plasma [4.8], if the SMF direction 
is in the same direction of the propagation link dependent the polarization directions [4.29], 
the attenuation coefficient is written as: 
 
𝛿 = 1 − 
𝑓𝑝
2
𝑓𝑜𝑝𝑒
2[(1 − 𝑗 
𝐶𝑜𝑙𝑙𝑓
2𝜋𝑓𝑜𝑝𝑒
) ± 
𝑓𝑜𝑠𝑐
𝑓𝑜𝑝𝑒
]
             Eq (4.20) 
 
Where 𝑓𝑜𝑠𝑐 is the oscillating frequency or cyclotron frequency during the circular motion of 
charged particles in the plasma sheath 
 
𝑆𝑀𝐹𝑚𝑖𝑛_𝑡ℎ𝑟𝑒𝑠= 2𝜋 
𝑀𝑒
𝑞𝑒
 𝑓𝑜𝑠𝑐              Eq (4.21) 
 
𝑆𝑀𝐹𝑚𝑖𝑛_𝑡ℎ𝑟𝑒𝑠 is the minimum threshold of the magnetic field strength that can be applied in 
the plasma sheath of the space probe [4.8]. The oscillation frequency can be simplified as: 
 
𝑓𝑜𝑠𝑐(GHz) = 27.98 × 𝑆𝑀𝐹𝑚𝑖𝑛_𝑡ℎ𝑟𝑒𝑠             Eq (4.22) 
 
Typically, the low density, less collision frequency 𝐶𝑜𝑙𝑙𝑓, and robust attracted plasma can 
also absorb critically the electromagnetic EM wave power in the locality of the oscillating 
electron (gyro-frequency) [4.30]. When the magnetism plasma applied in this method, the 
complex propagating wave becomes as [4.30] 
 
𝛿2
𝑘2
= 1 − 
𝑤𝑝
2
𝑤𝑜𝑝𝑒[(𝑤𝑜𝑝𝑒−𝑤𝑜𝑠𝑐)−𝑗𝐶𝑜𝑙𝑙𝑓]
              Eq (4.23) 
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Where: w = 2𝜋𝑓, angular velocity related to each frequency carrier. 
 
When  𝑓𝑜𝑝𝑒 =  𝑓𝑜𝑠𝑐 , the Eq 4.23 can be expressed as 
 
𝛿 =  𝑘√1 − 𝑗
2𝜋𝑓𝑝
2
𝑓𝑜𝑠𝑐𝐶𝑜𝑙𝑙𝑓
             Eq (4.24) 
 
By extracting the Eq 4.11, the attenuation signal is assumed as [4.30] 
 
 
𝑥2 =  
−
𝑤𝑜𝑠𝑐
2
𝑐2
+
𝑤𝑜𝑠𝑐
2
𝑐2
√1+
𝑤𝑝4
𝑤𝑜𝑠𝑐2𝐶𝑜𝑙𝑙𝑓
2
2
              Eq (4.25) 
 
The most important factor in plasma sheath for communication blackout is  the refraction index 
dependent to the ratio of plasma frequency and collision frequency, if refraction index increase 
attenuation can be decrease (communication can be established) but even if the index increase 
and collision frequency increase, the attenuation became higher (communication blackout). 
 
Another factor affects during the plasma is known as current density J (A/m2) that dependent 
to the collision frequency an electron plasma density, the current density vector (J) is assumed 
as [4.31] 
 
J =  𝑞𝑒 𝑁𝑒𝐶𝑜𝑙𝑙𝑓              Eq (4.26)             
 
If the collision frequency increase, the current density of the charge particles increase also and 
communication blackout ensued. In case of the neglected collision frequency, the current 
density became lower and RF cut-off problem is solved. 
4.7.2 Simulations & Results 
This section describes modeling and simulations for the method used to reduce the attenuation 
coefficient by varying strength of the magnet and to define the minumum threshold amount of 
magnetic field intensity applied for diffrent frequencies carrier (Ka and X bands) dependent on 
the plasma frequency [4.8], collision frequency and cyclotron frequency. Therefore, the actual 
value required of magnetic field strength in practical cases [4.8] should be higher 
than 𝑆𝑀𝐹𝑚𝑖𝑛_𝑡ℎ𝑟𝑒𝑠. For  𝑁𝑒= 1.28 × 10
19 𝑚−3), the required SMF strength should be more 
than (1.25 Tesla) and for 𝑁𝑒= 8.30 × 10
11 𝑚−3),  is greater than (0.3 Tesla).  
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4.7.2.1 Attenuation Signal with SMF  
 
 
Figure 4. 30   Attenuation signal versus magnetic flux density (Ne = 1.28 x1019 (m-3))  
 
 
Figure 4. 31   Attenuation signal versus magnetic flux density (Ne = 8.30 x1017 (m-3)) 
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4.7.2.2 Phase Shift Signal with SMF 
 
Figure 4. 32   Phase shift versus magnetic flux density (Ne = 1.28 x1019 (m-3)) 
 
Figure 4. 33   Phase shift versus magnetic flux density (Ne = 8.30 x1017 (m-3)) 
 
4.7.2.3 Attenuation Signal with SMF for all allocations Frequency 
The Fig 4. 34 illustrates the attenuation signal (dB/m) in function of minimum magnetic field 
for all frequencies bands [4.8] when the electron collision frequency is equal to the plasma 
angular frequency (Alpha = 1) 
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Figure 4. 34   Minimum magnetic flux density for frequency allocation bands 
4.7.2.4 Interpretation of Plots 
For  several value of electrons density, the required SMF strength  by varying Alpha (the ration 
between collison frequency and plasma frequency) is described in above figures. The Table 4.5 
below summarises the results of the applied SMF in the propagation link. 
 
Table 4. 5  Threshold magnetic field strength for communication blackout 
SMF Range 
 
Clarifications 
𝑆𝑀𝐹𝑚𝑖𝑛_𝑡ℎ𝑟𝑒𝑠 >  𝑆𝑀𝐹 
 
RF signal through the plasma sheath, the communication established 
𝑆𝑀𝐹𝑚𝑖𝑛_𝑡ℎ𝑟𝑒𝑠 <  𝑆𝑀𝐹 
 
𝑆𝑀𝐹𝑚𝑖𝑛_𝑡ℎ𝑟𝑒𝑠 =  𝑆𝑀𝐹 
 
RF signal totally reflected, communication blackout occurred 
 
Critical point  
 
The plot above defines the reducton of the plasma electron density or minimum strength of 
magnetic field appplied during e-entry. For S band, the required magnetic is about 0.35 Tesla 
(yellow curve), for GPS L band the requiered magnetic strength is 0.15 Tesla (green curve). In 
case of comparing with ORX probe, the electromagnetic field method is conducted by using 
huge magnet. The plasma density depletion may achieved with a 0.3 Tesla magnetic field in 
the ExB layer aleviation scheme for S band. Nonetheless, this alignment of the ExB layer still 
affords a weak plasma frequency decline for the positioning GPS frequency (0.12 Tesla) at 80 
Km of altitude. even though a 0.5 Tesla magnetic field can not resolve communication blackout 
for the L-band because for this huge magnet that needs more potentiel [4.24].  
The Table 4.6 describes the comparison of reduction of electron plasma density between the 
simulated results and OREX probe results. 
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Table 4. 6   Compared Results (OREX/Simulated) 
OREX probe results  
VHF/UHF GPS L1 S  band X band Ka band 
0.004 0.1486 0.5945 No blackout No blackout 
Results by simulations using SMF 
VHF/UHF GPS L1 S  band X band Ka band 
0.007 0.16 0.35 > 0.6 > 1.1 
 
4.7.2.5 Attenuation Depletion with SMF  
During the re-entry phase, the air plasma sheath ensued in the surface of space probe in 
presence of magnetic field, the propagate wave will cross the layer with circular polarisation, 
it generates two circular mode right and left motion of the charge particles RHCP and LHCP. 
For the left handed circularly polarized LHCP, the variables (𝜀𝑝) and (𝜀𝑑) become dependent 
to plasma frequency, frequency range and oscillating frequency are expressed as [4.8-30] 
 
𝜀𝑝 =  
1− [(
𝑓𝑝
𝑓𝑜𝑝𝑒
)
2
(1−(
𝑓𝑝
𝑓𝑜𝑝𝑒
)
2
+(𝐴𝑙𝑝ℎ𝑎)2)] − [2(
𝑓𝑝
𝑓𝑜𝑝𝑒
)
2
(
𝑓𝑜𝑠𝑐
𝑓𝑜𝑝𝑒
)(𝐴𝑙𝑝ℎ𝑎)]
[1− (
𝑓𝑜𝑠𝑐
𝑓𝑜𝑝𝑒
)
2
−(𝐴𝑙𝑝ℎ𝑎)2] 2+4(𝐴𝑙𝑝ℎ𝑎)2
            Eq (4.26) 
 
 
𝜀𝑑 =  
[(
𝑓𝑝
𝑓𝑜𝑝𝑒
)
2
(
𝑓𝑜𝑠𝑐
𝑓𝑜𝑝𝑒
)(1−(
𝑓𝑝
𝑓𝑜𝑝𝑒
)
2
−(𝐴𝑙𝑝ℎ𝑎)2)] −  [(𝐴𝑙𝑝ℎ𝑎)(
𝑓𝑝
𝑓𝑜𝑝𝑒
)
2
(1+(
𝑓𝑜𝑠𝑐
𝑓𝑜𝑝𝑒
)
2
+(𝐴𝑙𝑝ℎ𝑎)2)]
[1− (
𝑓𝑜𝑠𝑐
𝑓𝑜𝑝𝑒
)
2
−(𝐴𝑙𝑝ℎ𝑎)2] 2+4(𝐴𝑙𝑝ℎ𝑎)2
    Eq (4.27) 
  
 
 
(a) 
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(b) 
Figure 4. 35   Plasma attenuation in presence of magnetic field for (Alpha = 1).  
(a) Ne = 1.28 x1019 (m-3). (b) Ne = 8.30 x1017 (m-3) 
The Fig 4.36 defines the reduction of the attenuation of the electromagnetic wave interaction 
with plasma sheath in occurrence of magnetic field and with high collision frequency (Alpha 
= 1) and with different values of plasma frequencies. The plasma attenuation decreased 
comparing with previous plots without magnetic field, means RF blackout problem can be 
avoided. When the magnetic flux density increases, the attenuation became lower. 
 
 
(a) 
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(b) 
Figure 4. 36   Plasma attenuation in presence of magnetic field for (Alpha neglected).  
(a) Ne = 1.28 x1019 (m-3). (b) Ne = 8.30 x1017 (m-3) 
The Fig 4.37 describes the reduction of the plasma attenuation of the propagate wave in the 
wake area of the plasma flow with neglected collision frequency (Alpha = 0). The plasma 
attenuation decreased also, means RF shutdown problematic can be resolved. When the 
magnetic flux density increases, the phase shift became linear and attenuation wave is 
penetrated. 
 
The calculated depletion attenuation coefficient due to static SMF technique, by using the Eq 
(4.17), compared with attenuation coefficient estimated before in section (IV.5) neglected 
value of collision frequency is expressed using previous equations. The Fig 4.35 illustrates how 
the electron plasma density decrease with swelling the strength of magnetic field. 
 
 
Figure 4. 37   Attenuation reduction with SMF 
 
Furthermore, the permanent magnetic of external magnetic field which reduces the attenuation 
of the transmitting wave in plasma to 31dB [4.8].  The attenuation was about 81dB (700 Neper) 
for Ne =   1.28 ×  10
19(𝑚−3) defined in Fig 4.19 comparing to the Fig 4.36 at electron density 
 106 
 
same electron plasma density (Ka band), the attenuation decreases to 50 dB. It needs to increase 
more the SMF strength to reach the minimum value of plasma density, it’s allowed to 
communicate in the wake region of the plasma flow [4.8].  
4.8 Conclusions & Recommendations 
The exposed study presents a numerical simulations of plasma flow fields and communication 
waves blackout adjacent the Earth atmospheric re-entry  space probe were directed for various 
stages beside its re-entry flight to estimate the radio frequency blackout and reduction of 
electron plasma density and to predict the  attenuation signal and phase shift (reflection) 
dependent the operation frequency and collision frequency. 
 
The chapter concludes the prerequisite static magnetic field method used for solving the 
communication problem of Earth’s atmospheric re-entry of space probe. Statistical simulations 
and analysis were conducted to prove the cause of the RF blackout and how to integrate the 
magnet field with electromagnetic wave surrounding the plasma sheath [4.8]. Various 
measured data and theoretical from OREX probe and ISAS measurements data were compared 
for calculation of collision frequency in function of pressure and surface temperature. The SMF 
technique was developed in this work to reduce the plasma attenuation by varying the magnet 
field strength for different frequencies carriers. When the permanent magnet installed in the 
space probe, a windows was created to be easy for RF signal to across the plasma sheath 
(communication established) [4.8]. The goal of this study is to present the results of reduction 
of attenuation of the electromagnetic wave and defines the minimum threshold magnetic field 
intensity in the communication region. For the future, this studies can be helpful for the 
researchers to develop in deeply the problem of communication blackout and implement new 
techniques to reduce the electrons plasma density. 
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Chapter V 
Conclusion 
 
To conclude all the steps which were labelled in previous chapters, this section provides an 
assessment and summary of the dissertation. This part classifies also an innovative 
contributions of this investigation. An outline of upcoming work (future work) is clarified at 
the end of this chapter and can be supportive for the scientists to improve in deeply the tricky 
of communication blackout and for space radiation environment in deep space.  
5.1 Summary & Purpose 
This treatise conferred is entitled to an investigation of the effects of deep space radiations and 
atmospheric re-entry on communications systems. This topic is alienated in three themes: 
The first topic is the major challenge to deep space communications systems that is postured 
by the huge distances to which the space probe travel as Shinen2 probe reaches the moon orbit 
and how to get the HK data of RPPD sensor using WSJT interface via amateur radio band for 
small spacecraft abilities and supporting technologies which can improve space travel 
reliability via better designs. 
The second topic is divided in two sections: the section1 describes a study about a new method 
of communication called end of radio silence using the arc heating facilities of Japan [4.11]. 
The purpose of the experiment was to test a heat shield equipped with transmitter placed behind 
it, in a plasma flow of high enthalpy. A receiver was installed in the shroud of the vacuum 
chamber, protected from the hot gas [3.23]. Another purpose was to study the behaviour of a 
new type of ablative materials called LATS (Light-weight Ablator Series for Transfer Vehicle 
Systems) for protecting the space probe against severe heating [4.11]. The experiment was 
carried out by using LATS, placed in front of the transmitter for several megawatts per square 
meter of heat flux. The main measured data are the surface temperature, the thermal 
performances like mass recession rate, the temperature of transmitter [3.23], the electrical 
parameters as received signal strength indicator RSSI and the quality of signal during 
transmission when the particles of the air gas in the plasma flow are heated. In the section 2, 
several experiments were conducted to study the performance of hybrid ablative materials with 
different densities, known as LATS made by Carbon Fibre Reinforced Plastic (CFRP), 
developed by Professor Okuyama for protecting the spacecraft beside high enthalpy and to 
exam a heat shield furnished with transmitter located behind it, in a plasma flow. The other 
part presents also a study about new methodology how to estimate the electron plasma density 
in arc heating chamber of Institute of Space and Aeronautical Sciences (ISAS) using 
electrostatic Single Langmuir Probe (SLP) installed in the pipe cooling system by sweeping 
the voltage or potential from source meter unit. The main measured data are IV characteristics 
(Current - Voltage) of SLP in function of time, electron temperature, electron density, in-depth 
temperature of all devices and surface temperature. 
The last topic is related to the re-entry probe which was a critical epoch when all 
communications between the space probe and targets could not be established [4.12], this 
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occurred the plasma sheath forming during re-entry [4.12]; this phenomenon is usually known 
as a communication blackout. Since, numerous techniques were in development to resolve the 
communication RF blackout cut-off problem to during earth’s atmospheric re-entry [3.23]. The 
recommended approaches to solve the causes of RF blackout can be validated. The significance 
of the used Static Magnetic Field SMF method was defined in chapter 4 to see how the windows 
can be opened to be easy for signal to penetrate the plasma sheath and how much threshold 
value strength of the magnet used during the communication blackout and to figure out the 
reduction in plasma attenuation. 
5.2 Contributions (Deductions the Chapters) 
This study mostly donates to the progress of a consistent and suitable communication method 
for RF signal shutdown during re-entry phase and adequate technique using a special interface 
for measurement of space radiation environment (case of Shienn2). [4.9] Resumed text under 
is a totalled list of key inventive contributions presented in this study. 
5.2.1 Technology of Deep Space Communication Shinen2 Payload 
In this contribution of a chapter 2, a control system design for a deep space mission, Shinen2, 
was presented [2.11]. This report presented a model of small probe deep space as Nano satellite 
describing each subsystems and defining main mission using the payload sensor in Kyushu 
Institute of Technology developed by the NASA-JSC with high performances to detect the 
measurements of cosmic radiations, it can survive in a strong radiation region such as the Van 
Allen belt radiation [2.11].  
Shinen2, could receive the house keeping HK data and radiation sensor data after launch. In 
addition, the data was normal while in deep space, therefore, the sensor of Shinen2 worked 
normally and can used for any application in deep space. For the future work will include new 
devices or units such the engineering unit detector used before but with high performance, 
different requirements (low power) and it can be used for long life cycle and with new design 
communication system [2.11]. 
5.2.2 Study of End Radio Silence Signal Trough the LATS Materials 
In this contribution of chapter 3, a new method of this study has been developed and it consists 
in using ablative materials in high temperature conditions. Also is the first test executed to 
achieve the end of radio signal during re-entry phase through the LATS materials developed at 
Okuyama laboratory. The results proved that the ablator materials with high density (0.7 g/cm3) 
used for Com models which a good performances to protect the device (TX) used for the test 
placed in wake region. Having high density ablative materials means to have lower temperature 
and lower mass recession. For the upcoming tests, it is better to increase the density value to 
1.5 g/cm3. 
To reach a good result in future, it is better to apply the same method for communicating with 
spacecraft by adding the magnet field with high intensity between the ablator model and 
transmitter to reduce the plasma density of vacuum chamber, because the impact pressure was 
high about 13Torr (1734 Pascal). The new mitigation technique permits to receive more 
packets during the RF blackout communication (good quality of signal) and to test other types 
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of the ablator materials as Phenolic Impregnated Carbon Ablator PICA made by National 
Aeronautics and Space Administration (NASA) or hybrid LATS with high density. The method 
will be applied to innovative thermal protection system in course of improvement to design 
aero-thermal and to solve the RF blackout re-entry tests in plasma wind tunnel facilities. 
This section concludes also that numerous heating tests were achieved using the plasma wind 
tunnel tools at facilities in Japan. Depend on the outcomes of the experiments, it can be 
determined that the LATS material made by CFRP can be recycled as a heat shield material for 
re-entry space probe. This topic accomplish the estimation of the current-voltage characteristics 
for several bias voltages for first time in ISAS facility. To conclude the section, the experiments 
were illustrated in last aspect, to compute the temperature of electron and electron plasma 
density, the calculated results were conducted to use in chapter 4 toward estimate the plasma 
frequency during re-entry of space probe. 
5.2.3 Study of Communication Blackout for Space Probe Re-entry 
In this contribution of chapter 4, the exposed study presents a numerical simulations of plasma 
environments and communication stream blackout adjacent the Earth atmospheric re-entry 
space probe were directed for various stages beside its re-entry flight to estimate the radio 
frequency blackout, reduction of electron plasma density, to predict the attenuation signal, 
phase shift (reflection) dependent the operation frequency and collision frequency. 
 
The chapter 4 concludes the proposed static magnetic field method used for solving the 
communication problem of Earth’s atmospheric re-entry of space probe [4.12]. Statistical 
simulations and analysis were conducted to prove the cause of the RF blackout and how to 
integrate the magnet field with electromagnetic wave surrounding the plasma sheath [4.12]. 
Various measured data and theoretical from OREX probe and ISAS measurements data were 
compared for calculation of collision frequency in function of pressure and surface temperature. 
The SMF technique was developed in this work to reduce the plasma attenuation by varying 
the magnet field strength for different frequencies carriers. When the permanent magnet is 
installed in the space probe, a windows was created to be easy for RF signal to across the 
plasma sheath (communication established). The goal of this study is to present the results of 
reduction of attenuation of the electromagnetic wave and defines the minimum threshold 
magnetic field intensity in the communication region. For the future, this studies can be helpful 
for the researchers to develop in deeply the problem of communication blackout and implement 
new techniques to reduce the electrons plasma density [4.12]. 
5.3 Future Work 
The following opinions provide suggested future work: 
 
 Applied new interfaces (as WSJT) to communicate with deep space probe (case of 
Shinen2) for long time to get more orbital data. 
 
 To implement the technique defined in chapter 3 (Communicating with probe using arc 
wind tunnel heating of ISAS through the LATS materials during re-entry) using real 
device (TX) developed for space and to test big specimen model (more than 50 mm 
diameter of COM specimen model) with different shapes (3D or hybrid) to have good 
thermal protection by adding more experimental results of LATS materials 
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 More experiments to simulate the modelling system of RF Blackout Re-entry for new 
future re-entry probes (in KIT) to compared with previous satellites as OREX, USER 
probes (simulations done by using data space probes already enter to earth atmospheric) 
 
 This studies can be helpful for the researchers to develop in deeply the problem of 
communication blackout and implement new techniques as SMF to reduce the electron 
plasma frequency [4.12]. 
 
 Try to implement also SMF method in real probe (not just simulations), for the proposed 
re-entry experiment probe which use the small rocket S-310 or SS-250 in 2018 (already 
submitted), adding permanent magnet with precise strength value respecting the 
frequency of operation to see how the window opened and easily to communicate. 
 
 Apply a new technique called electromagnetic decline of electron density of one-
dimensional and two-dimensional model of an electromagnetic layer [4.9] to reduce 
plasma density and avoid the RF blackout. 
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